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 Individuals from Scotland began migrations to the Americas in the 1600s and, 
despite admixture, continue to celebrate their Scottish roots.  Molecular markers were 
used to answer the following:  1) do individuals who claim a Scottish identity have 
maternal or paternal markers found in Scotland; 2) which of these markers are more 
successful in determining a Scottish ancestry?  Of the study‟s participants, 60 percent 
shared HVS-I haplotypes with Scotland.  However, analyses based on Tajima and 
Nei‟s distances indicated that these haplotypes are found throughout Europe due to 
historical migrations.  Seventy-seven percent of males shared a haplotype with 
Scotland based on five Y-STR loci.  Slatkin‟s RST analyses, as well as clan and 
surname distributions, showed a stronger Scottish paternal genetic input in this study, 
in agreement with historical records of higher rates of male versus female migration. 
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Chapter One:  Introduction 
“Somewhere within the depth of all of us who are of Scottish blood, 
there is a knowledge that despite our dispersion throughout the 
continents and our constantly increasing assimilation into other 
nations, we are still somehow one people, held together by fragments 
of a common culture and genes inherited of ancient kings…Cuimhnih 
air na daoine o’n d’thaing thu-Remember where you came from…” 
(Bruce, 1996) 
 
 Scots, or any individual born in Scotland, began to migrate to the New World 
roughly four hundred years ago, and have continued to contribute to the American 
gene pool (Fogleman, 1992).  The United States Census Bureau reported that Scottish 
ancestry was claimed by 5 million (1.7 percent) Americans in the 2000 Census.  
Another 4.3 million (1.5 percent of the U.S. population) claimed a Scotch-Irish 
ancestry, a term usually indicating descent from the estimated 100,000 Scots that left 
the Scottish lowlands for the Irish Province of Ulster during the 1600s, and began to 
migrate to North America some five generations later (Houston, 1996).  There are an 
estimated 24 million (estimated from D.A. Bruce, 1997) or so individuals around the 
world who claim Scottish ancestry but yet have never seen Scotland itself.  Despite 
the genetic admixture that has occurred with the spread of “Scottish” genes 




 The concept of ethnicity has long been a subject of study, particularly research 
in self-identity within societies made up of multiple ethnic groups (Eriksen & 
Nielsen, 2001).  This point is underscored by Ned Landsman (1999), who writes,  
that (the) concept of ethnicity [is] in fact derived not from the 
experiences of groups arriving in the Americas during the seventeenth 
and eighteenth centuries but rather their much later followers. It 
emerged principally to highlight those traits that groups managed to 
retain during the seemingly inevitable process of adapting themselves 
to a new American nationality.   
Levi and Dean (2003) discuss this further, stating “ethnic groups are not given 
naturally…but rather are products of structure and agency, forged in the crucibles of 
culture and history.” In other words, ethnicity or an individual‟s ethnic group, is a 
complex construct which contains a sum of cultural, political, economic and 
biological factors in its usage.  In the 1980 census, the U.S. began to ask individuals 
of their ancestry, instead of the place of their parents‟ birth.  As ethnic boundaries 
have blurred over generations of admixture, this question has become more and more 
complicated.  In the United States 2000 census, individuals were allowed to write in 
one or two ancestral or ethnic origins.  The U.S. Census Bureau defines ancestry as a 
“person‟s ethnic origin, heritage, descent, or „root,‟ which may reflect their place of 
birth, place of birth of parents or ancestors, and ethnic identities that have evolved 
within the United States”  (Brittingham & de la Cruz, 2004).  While this is an 
improvement in previous attempts in understanding the cultural identities of the 
American population, it still does not allow an individual to express what may be a 
more varied and complex ethnic background.  And, as an individual can identify only 
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two of what may be a more complex ancestral background, there is an underestimate 
of individuals that would claim a Scottish identity.  With only two choices available, 
how does an individual chose their identity? 
 While this thesis cannot examine the question of why an individual identifies 
with their Scottish heritage, it can ask how this identity relates to an individual‟s 
genetic makeup.   Two major trends can be detected in the historical records.  The 
first is that Highlander migration was dominated by single males, although families 
and single females participated in this movement as well.  The second trend is that a 
majority of the New World immigrants came from the Western Islands of Scotland 
and from the mainland region of Argyll on the West coast of Scotland or the Central 
Highlands of Inverness.  If we assume that an individual will chose an identity that is 
handed down from a maternal or paternal line, then the individual should have 
“Scottish” maternal or paternal markers.  This work sets out to examine identity 
through mitochondrial DNA (mtDNA) and Y chromosome markers, and will address 
the question:  do individuals who claim Scottish identity have maternal or paternal 
genes associated with the Scotland or are they claiming Scottish identity based on 
other ancestral or cultural associations?   
 The goals of this study are 1) to characterize the mitochondrial and Y-
chromosomal genetic variation in a group of individuals that identify themselves as 
Scottish; 2) to compare these individuals, and the group as a whole, to populations 
within Scotland; 3) to compare these individuals to other European populations that 
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have contributed significantly to the current gene pool of the United States.  These 
goals will be met to answer the following questions: 
 
 
1. Do individuals who claim Scottish ancestry have maternal or paternal 
markers associated with Scotland?   
2. Do the Scottish-American individuals more closely resemble other European 
populations that occupied the New World?    
3. Which markers, mitochondrial DNA or Y-chromosome, are better indicators 
of a Scottish ancestry? 
 
 
This thesis is divided into five additional chapters.  Chapter two describes the 
movement of Scottish people to the New World, and gives brief history of Scotland 
and its genetic variation.  Chapter three provides the sampling methods used in this 
study, the populations chosen for comparison, and the laboratory and statistical 
methods.  The forth chapter describes the results of the laboratory and statistical 
methods used.  A discussion on the interpretation of these findings is provided in 








Chapter Two:  Literature Review 
 
 This chapter is divided into two parts.  The first section describes the major 
movement of Scots into the American colonies and the later United States of 
America. The second part defines what it is to be a Scot based on the mitochondrial 
and Y-chromosome markers used in this study.  These markers should also be found 
in the Kansas City Games group if they have a maternal or paternal Scottish ancestry. 
 
Scots in America: 






 Early immigration numbers and rates from Scotland to the United States have 
been difficult to accurately assess.  Standardized records of early immigration were 
not kept, but some records are located in various writings and dispersed in both 
published and unpublished reports.  It is known that Scottish immigration to the New 
World began in the 1600s (Fogleman 1992; Basu, 2007). During this pre-industrial 
era, immigration occurred in small waves, with only a few hundred Scots settling in 
the New World between 1629 and 1632 (Withers, 1988; Landsman, 1999).  In 1696, 
an attempt at systematic settlement was organized by the Company of Scotland as a 
Scottish bid at major colonization of the New World.  The attempt, aimed at Spanish 
territories in Central America, was a disaster.  Over a quarter of Scotland‟s liquid 
assets were lost and hundreds of Scots died from disease, accidents at sea, or 
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interactions with the native people and Spaniards (Magnusson, 2000; MacLean, 
2009).  However, a small number of migrants, some 6,000 individuals, made their 
way from Scotland to North America by 1700 (Houston, 1996).     
 A shift in the economic structure of Scotland led to a breakdown in the 
traditional clan system, where a group of people were historically tied to a chief, that 
had defined the Scottish political system for centuries (Scottish Government, 2004; 
Magnusson, 2000). The word clan comes from the Gaelic term clann, meaning 
children or descendants, and the clan system provided protection for the people who 
pledged their loyalties to a particular chief (Scottish Government, 2004).  A shift 
away from this system led to a slow increase in emigration.  For example, as 
opportunities on Scottish soil dissipated, the Union of the Parliaments in 1707 
provided Scots more opportunities for migration to the New World (Magnusson, 
2000). Between 1735 and 1754, small groups of Scottish Highlanders were being 
recruited as laborers for settlement in the new American colonies.  An example of this 
movement is the recruitment of 170 men, women, and children from the central 
Scottish Highlands who were brought to Florida and Georgia in 1735.  Other groups 
from the central Highlands would follow in 1737 and 1741 (Murdoch, 1998).  
Another organized attempt at settlement brought individuals from the Scottish island 
of Islay to work for Captain Lachlan Campbell on lands in New York.  After Captain 
Campbell failed to obtain permission to work on the land he had thought to acquire, 
the Scottish migrants dispersed to find land and work of their own (Murdoch, 1998).  
In 1739, North Carolina would receive another influx of immigrants from the Scottish 
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Highlands of Argyll (Murdoch, 1998).  Fleeing Scotland as refugees following the 
Jacobite uprising of 1745-1746, more Highlanders travelled directly to North 
Carolina (McDonald & McDonald, 1980).  However, this short burst of immigration 
from the Scottish Highlands was halted with the English threat of war with the French 
and the Spanish (Murdoch, 1998).   
Small groups from the Lowlands of Scotland were leaving for the American 
colonies up until the 1760s.  While families did travel to the Americas, the emigrants 
were largely made up of young men who tended to move directly to commercial 
centers after arriving in Philadelphia (Landsman, 1999; McDonald & McDonald, 
1980).  Between 1763 and 1776, with the threat of war abated, an increase of Scottish 
families from both the Lowlands and the Highlands began to immigrate (Landsman, 
1999; Murdoch, 1998).  Records from this time period show that Scottish highlanders 
 
Figure 1.  Estimated Scottish immigration to the New World between 1700-1775, by Fogelman 





























Scottish immgration to the New World (1700-1775)
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began to form settlements in the state of New York, and continued to occupy the 
interior portions of the North Carolina colony (Landsman, 1999; Murdoch, 1998).  
The movement into North Carolina was recorded by the Governor in a report to 
London that states that over 1,600 immigrants had arrived from Scotland in 1770.  
Not only was this movement large by early settlement standards (see Figure 1), but it 
was also from a very specific region of Scotland.  Nearly all of the 1600 immigrants 
had come from the islands of Argyll. By 1771, individuals from other regions of the 
Highlands, including the Isle of Skye, began to head to the American colonies as a 
part of organized efforts (Murdoch, 1998).   
  Scots were settling abroad in increasing numbers by the 1700s, but they were 
not approaching the numbers of Scotch-Irish individuals that had made their way to 
the New World.  The term Scotch-Irish usually refers to individuals of Scottish decent 
that had moved to the Ulster Plantations of Northern Ireland during the 1600s.  After 
1715, these Scotch-Irish immigrants began to arrive in the American colonies in 
significant numbers (McDonald & McDonald, 1980).  The Scots of Ulster were the 
descendants of Scottish individuals, particularly of clans on the Scottish-English 
border, who had settled in Ireland in the 1600s.  Estimates of the number of Scotch-
Irish individuals in the colonies before 1776 are put at 250,000 (McDonald & 
McDonald, 1980).  Other estimates of Scottish versus Scotch-Irish immigration based 
on surname frequencies place the numbers of immigrants from Ulster at 114,000 
individuals compared to the 62,500 immigrants from Scotland (Purvis, 1984).   



























































European ancestry in the United States, 1790
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Scotch-Irish
American Revolution, and a British prohibition of emigration to the colonies 
(Murdoch, 1998). 
 When the Revolutionary War ended, emigration from Scotland and Ireland 
resumed.  From 1785-1791, at least five ships full of immigrants arrived in North 
Carolina, leaving Scotland and Ireland in response to poor harvests and increasing 
rents (Murdoch, 1998).  By 1790, individuals of Scottish ancestry were making up a 
significant portion of the American population with about 24 percent of all European 
immigrants claiming Scottish ancestry (See Figure 2) (Fogleman, 1992).  The census 
of 1790 shows that there were particular areas where Scots tended to settle.  In New 
England, where approximately one-eighth of the populations were of Scottish 
ancestry, Scots settled preferred the upper portions of the region over lower New 
England.  From Pennsylvania southward, some estimates indicate that up to a forth of 
 
Figure 2.  Estimated percent of European individuals of Scottish and Scotch-Irish ancestry in the 
United States, 1790, based on surname analyses and historical records (Purvis, 1984). 
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the population was made of Scots (McDonald & McDonald, 1980).  By 1801, nearly 
9700 individuals from the Isle of Skye had left Scotland for the United State.  Steady 
immigration continued until the 1803 British Passenger Act Legislation made it more 
difficult for individuals to afford passage to the U.S. (Murdoch, 1998).   
 
A New World: Potatoes, Capitalism, and the Highland Clearances 
 
The Highland Clearances occurred between 1790 and 1855, and were the 
result of a shift in the political and economic structure of Scotland.  The nobility of 
the eastern and southern portions of the Highlands were acting under the idea of 
improvement and were altering their lands from small tenant farms to large-scale 
sheep pastures.  This transition meant the permanent removal, or forced seasonal 
labor movements of the families and individuals who had run these small farms for 
generations (Landsman, 1999; Newby, 2007; Symonds, 1999; Withers, 1988).   
Seasonal labor allowed many Scots a way to provide for themselves and their 
families. By the 1800s, many Highlanders were moving to obtain agricultural 
employment, work in fisheries, or work in the industrial towns of the Lowlands 
(Devine, 1979).   
The transition to large-scale sheep pastures was also accompanied by an 
increased reliance on staple crops.  By the early 1800s, the potato had become a 
major component of the Scottish diet (Withers, 1988).  This dependence on the potato 






portions of Scotland, where over half of the land was used for potato cultivation, and 
in some locations contributing up 80 percent of all nourishment (Gray, 1955; Withers, 
1988).  The reliance on potatoes also led to an increase in population size, despite 
earlier depopulation through permanent out-migration, persisted.  This was 
particularly common in areas where land had not been turned over to sheep pastures 
and crofting tenants, small scale farms for subsistence, were maintained (Gray, 1955; 
Withers, 1988; Devine 1979).  Between 1801 and 1841, the total population of 
Scotland had increased by 7 percent, with some regions increasing in population size 
by 53 percent (Gray, 1955).   
 Economic conditions worsened with increasing population size (Young, 
1996).  Two episodes of crop failures in 1836 and 1837 led the government and 




Figure 3. Scottish Highland and Lowland 
boundary with regions mentioned in this 







Over 100,000 people, mainly small holding farmers, were at risk of starvation during 
this crisis despite migration efforts to control population size (Devine, 1988).  The 
situation worsened in 1845, when potato blight destroyed Scotland‟s staple crop and 
continued to have an impact on the harvest until 1857.  In 1846, 76 percent of crofting 
districts and 59 percent of the farming districts reported total crop failures (Devine, 
1988).  The potato blight would only accelerate the clearance process that had already 
been underway since the 1790s (Devine, 1979).   
While many areas of Scotland were experiencing this emigration, the Scottish 
Highlands were particularly affected, where up to a third of its entire population left 
for opportunities overseas or in industrial towns in the Scottish Lowlands or England 
(Basu, 2007).  The United States was the most popular destination and received over 
 half of these emigrating individuals, with many Scots settling in New York 
(Landsman, 1999). However, it was not until 1873 that British ships began to record 
Figure 4.   Male to female sex ratio of immigrants to the U.S. from 1870-1910.  G.B. represents 
immigration from England, Scotland and Wales.  Image modified from Greenwood, 2008. 
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the origin of individuals travelling from a British port to the United States (Cohn, 
1995).  A U.S. law passed in 1819 required that all ships arriving in a U.S. port had to 
present information on a passenger‟s name, age, gender, occupation and place of 
national origin.  These U.S. Passenger Lists have been the primary source of 
information for researchers trying to understand North Atlantic immigration to the 
U.S. from 1819 to the 1870s.  Records from U.S. Passenger Lists from 1836-1853 
showed that young, single males made up a large component, some 55-70 percent, of 
all males leaving English ports, although the records do not differentiate between 
Welsh, English or Scottish passengers (Cohn, 1995).   There is also an observed 
difference in the sex ratio of males versus female immigrants from England at this 
time, with men outnumbering female immigrants.   Figure 4 shows the differences in 
the sex ratios of immigrants to the United States between 1870 and 1910.  Over this 
time period, males outnumbered females at an approximate 3:2 ratio (Greenwood, 
2008).  These and other historical documents indicate that roughly 2.33 million Scots 
left the British Isles between 1825 and 1938 (Szasz, 2000; Symonds, 1999).  
The tremendous decline in the Scottish population can still be seen today, as the 
highlands remain one of the least densely populated areas in Europe (Basu, 2007). 
Out-migration from Scotland, particularly from the Scottish Isles, continued to be 
larger than in-migration up until the 1990s (See Figure 5).  This recent out-migration, 
while still including migrants to the United States, is largely made of movements to 




Figure 5. Birth, deaths, net migration, and total population change rates adapted from Anderson 
(1996). 
 
What Makes a “Scot”?:  A Review of Scotland’s History and mtDNA 
and Y-chromosme Markers 
The Peopling of Scotland: 
 
During the Last Glacial Maximum (LGM), approximately 20,000 years ago, 
the British Isles were still connected to the European continent (Adams & Faure H, 
1997).  Present-day Scotland was covered by ice and, unlike the rest of Europe, no 
evidence of anatomically modern humans have been found that date before this time 
(Stringer, 2006).   As temperatures rose and the ice sheets began to recede, the first 
anatomically modern humans started to move out of the Iberian refugia, and 
eventually occupied regions along the Scottish coast.  Located in the southern regions 
of Britain, Gough‟s Cave contains the oldest evidence of modern humans, with 





































The earliest archaeological evidence of human occupation in Scotland is 
found on the Northwest coast and dates to about 10,000 B.P, (Sykes, 2006).  Other 
human activity in Scotland, as well as in Ireland, can be found in coastal areas as 
well, with stable isotope analyses indicating an exploitation of marine resources 
(Waddington, et al., 2003; Schultting & Richards, 2002).  Food resources would have 
been abundant in this environment, but foraging groups rely on a greater amount of 
land to sustain a population.  Estimates of population size of the British Isles 
reconstructed a population of about 2,750-5,500 inhabitants (Hunter & Ralston, 
1999). 
The Introduction of Farming to Scotland: 
 
The Neolithic revolution brought agriculture to Europe around nine thousand 
years ago and spread along the same routes that the first anatomically modern humans 
used during the Paleolithic expansion.  It would, however, take another three 
thousand years (around 6,000 B.P.) for agriculture to reach Scotland (Weale et al., 
2002).  On the southwest coast of Scotland, the transition to agriculture can be seen 
throughout the archaeological record from signs of woodland clearances and an 
increase in the frequency of cereal-type pollens between 5,000 and 4,700 years ago.  
This experimental phase of agriculture ended around the same time that the region 
experienced a major drying phase that provided a more stable farming environment 
(Macklin, et al., 2000; Bonsall, et al., 2002).  There has been much debate on the 
origins of farming in Europe, and whether it was a strictly cultural spread of ideas or 
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whether it was accompanied by the spread of people.  In short, the genetic and 
archaeological record shows that people did move with agriculture, but this influence 
decreases the further west people had to travel from the Fertile Crescent.  For 
Scotland, this transition is thought to have been a gradual one, with the majority of 
the descendants of the orginal foraging populations and the addition of small groups 
of  individuals whose ancestors originated in the Near East (Oppenheimer, 2006).  
Estimates of a shift from hunting and gathering to agriculture can lead to a 5-50 fold 
growth in population density within the first thousand years, and the European 
population would expand sharply after this cultural transition occured (Novelletto, 
2007).   
The Picts and the Scotti: 
 
 The coming of agriculture meant a more stable food source for populations of 
the North Atlantic, allowing for population growth and the appearance of more 
complex societies with complex technology. The archaeological record gives 
evidence for burials and ritual monuments, tools made of bronze, and changes in 
pottery.  By 2500 B.C.E., the first of the region‟s henges, or ancient monuments, had 
been built out of timber (Hunter & Ralston, 1999).  Most of the changes during this 
time period seem to be of a cultural nature, with little evidence of large movements of 
people into Scotland or the rest of the Britain Isles.  These earlier groups would give 




Debate on the origin and disappearance of the Picts has been continuing for 
decades.  There are no written Pict texts, little surviving mythology, and the original 
Pictish language is unknown (Sykes, 2006).  The name „Pict” originates from the 
word Picti, meaning „the Painted People,‟ an ethnonym the Romans often gave to 
local groups who decorated their bodies with tattoos or body adornment (Sykes, 
2006) .  This group labeled Picts is now thought to represent a mixture of foraging 
and farming peoples during the Neolithic, the native population of Scotland that had 
gradually assimilated to the various cultural influences to which they have been 
exposed  (Sykes, 2006; Magnusson, 2000).   
Several waves of immigrations from Ireland also influenced and shaped the genetic 
topography of Scotland .  The name of Scotland can be attributed to the Irish 
migrations to region, since the Scotti were Romans references to Irish immigrants 
(Sykes, 2006).  In the beginning of the first millennium, the Irish king, known as Dal 
Riata, set up three colonies in present day Scotland.  Between 500 and 1000A.D., 
Dunadd was a capital of the Dalriada kingdom and a major trading hub which 
facilitated trade from Ireland to the Mediterranean (Magnusson, 2000).  The Picts 
regained control of the region in the 6
th
 century, but the balance of power would go 
back and forth between the Picts and the Gaels for hundreds of years (Sykes, 2006).  
No written records exist about the genetic interaction and possible fusion of the 
original inhabitants with the incoming Irish settlers (Altson, 1999).  However, as both 
groups date back to the initial mesolithic, with later neolithic influences, they would 











Invasion and Occupation:  Romans, Vikings, Normans and Anglo-Saxons 
 
 Other groups have influenced the cultural and genetic makeup of Scotland and 
the British Isles over the next few thousand years.  Roman influence in the British 
Isles was felt long before the occupation of Britain had occurred.  In the lowlands of 
the southeast, Roman coins are found in the archaeological record, an indication of 
economic ties to Rome (Kearney, 2006).  In 43 A.D. a massive invasion of Britain 
began.  By 79 A.D., southern Britain had fallen under Roman control, leaving the 
Lowlands and Highlands of Scotland as the only unoccupied territories (Magnusson, 
2000).  In an attempt to rule the whole of Britain, Julius Agricola, the Roman 
Governor of the Province of Britannia, launched a full scale invasion of Scotland in 
83 A.D. (Magnusson, 2000).  This attempt failed, and after more than a century of 
unsuccessful attempts, and with military expenses greater than any other province 




within the empire, the Romans finally withdrew in 214 AD from Scotland (Kearney, 
2006).   
Angles from northern Germany began to arrive in southeastern England 
during the 4
th
 century to assist the Romans in their attempts to conquer the island 
(Magnusson, 2000).  By the 5
th
 century, Angles were in England for their own 
conquests, and would eventually conquer most of eastern Scotland.  Once again, there 
was not a replacement of the population by the invaders, but a battle of dominance 
which would go back and forth for a few hundred years (Oppenheimer, 2006). The 
Angles controlled Northumbria, and between 653 and 685 A.D. they began to occupy 
portions of southern Scotland (Magnusson, 2000).  At the end of the seventh century 
A.D., the Angles invaded Scotland even further, but were cast off by the Picts 
(Magnusson, 2000).  While Anglo-Saxon invasion can be seen through cultural, 
economic, and political influences, there were no large-scale movements of people 
into Scotland (Weale, et al., 2002). 
In the 8
th
 century A.D., improved seafaring technology, a growing population, 
and political changes led Scandinavian Vikings to initiate their search for additional 
lands and resources (Helgason, et al., 2000).  The Viking age in Scotland lasted for 
400 years and had different effects on the mainland and the various islands through 
which the Vikings made contact with.  The first islands to be colonized were Shetland 
and Orkney around 780 A.D..   Signs of this colonization can be seen in the Norse place 
names still in use today (Magnusson, 2000).  Norm, the Norse dialect, survived in 
Shetland and Orkney until the 19
th
 century (Sykes, 2006).  Genetic, archaeological 
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and linguistic evidence all point toward the strongest Viking influence in Orkney 
(Helgason, et al., 2001).  Eventually, Orkney, productive for agriculture, would 
become an a political and strategic center for managing Viking activities throughout 
the Atlantic (McGovern, 1990).  Archaeological excavations in Orkney suggest that 
this take over was a peaceful affair (McGovern, 1990).  The Western Isles were also 
influenced by the Vikings.  Here the two groups lived together, spoke both Norm and 
the indigenous tongue, and shared cultural traditions (Sykes, 2006).  However, most 
Viking interactions were not peaceful, and evidence from the Hebrides points to a 
violent conquest followed by population replacement (McGovern, 1990).  In the 
Scottish mainland, constant threats of Viking invasion led to the unification of 
various Scottish tribes (Sykes, 2006).  Viking influence over the Scottish Isles would 
continue until the mid-13
th
 century (Kearney, 2006).   
In sum, the initial settlement of foragers some 10,000 years ago, and the possible 
movement of people with agriculture around 6,000 years later, make up the 
foundation of the Scottish population.  Several other groups have also brought new 
people to the region in the last few thousand years, including the Romans, Irish 
settlers, and Anglo-Saxon and Viking conquests.  A timeline of these influences is 
shown in Figure 7. 
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Figure 7.  Timeline of Scottish settlement and invasion. 
Migration, War, and Disease:   
 
 The movements of people into Scotland would largely be seen following the 
LGM up until around the 1800s when Irish migrants came following the Potato 
Famine.  These movements would bring new genes to the region, increasing the 
diversity of genetic markers, while and the massive out-migration of the last few 
centuries decreased the genetic variability that may have been present in the Scottish 
population.  Not only did Scots move to other regions of the United Kingdom and the 
United States, but they would also immigrate to Canada, Australia, New Zealand, 
South Africa, and other regions of Europe (Basu, 2007).  Migration has undoubtedly 
shaped the genetic landscape of Scotland, but there are other events that have also 
played a role. 
 Disease and famine has long played a role in shaping the cultural and genetic 
structure of human populations (Hatcher, 1996).  For the purpose of this study, these 
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two factors played a role in decreasing the genetic diversity of the Scottish population 
both before massive out-migration began, and before the sampling of individuals that 
represent the Scottish comparative population were obtained.  Before the large scale 
migrations to the New World began in the 1700s several waves of disease would 
affect the genetic diversity of Scotland.  The „Black Death‟ of 1348-9 was one of the 
most devastating epidemics in recorded history.  While records of mortality during 
this time period was scarce, a rough estimate of 30-45 percent of the English 
(including Scottish) population fell to the first wave of plague epidemics.  Several 
other waves would appear in 1361-2, 1369, and 1375 (Hatcher, 1996).  The last 
serious outbreak of plague was recorded in 1645-9, where it was particularly felt in 
Scotland‟s urban population (Houston, 1996).  Smallpox and typhus was also present 
in the 1600 and 1700s, and would affect the genetic diversity of the Scottish 
population (Houston, 1996).   
Disease, famine, and war following the 1700s included epidemics of 
smallpox, dysentery, typhus, measles, influenza, and two World Wars (Anderson, 
1996; Winter, 1977).  Famines in the 1690s may have led to the deaths of 10 percent 
of Scots, and the Potato Famine of the 1840s played a role in increasing rates of Scot 
emigration to the New World and Irish immigration to areas of Scotland (Anderson, 
1996).  World War I would also decrease the genetic diversity of Scotland, 
particularly that found in the Y-chromosome.  Some 690,000 Scots, 41 percent of 
Scottish men between the ages of 15-49, participated in the war.  At least 12 percent 
of these men died in service (Winter, 1977).  The influenza pandemic of 1918-1919, 
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had the highest mortality of any infectious disease in Scotland‟s history, with over 
17,500 deaths attributed to influenza or complications arising because of influenza 
(General Register Office for Scotland, 2005).  About 265,000 men died in service in 
the Second World War (Anderson, 1996).  These are just a few examples of historical 
events that have shaped the genetic landscape of Scotland. 
Mitochondrial DNA and Y-chromosome Variation in Scotland 
 
 Two portions of the human genome have been used extensively to understand 
the movement of humans throughout history.  Mitochondrial DNA (mtDNA) is 
passed on through a maternal mode of inheritance so that every daughter will carry an 
exact copy of her mother‟s genome, and in turn will pass it on to her offspring (Giles,  
al., 1980).  In the same fashion, a large portion of the Y-chromosome does not 
participate in recombination and is inherited in a paternal mode (Novelletto, 2007).  
Both of these markers have allowed population geneticists to develop a male and 
female human history.  Comparative data have been compliled for mtDNA and Y-
chromosome markers, making them useful tools, for identifying the region of the 
world where an individual‟s ancestors originated. 
 Mitochondrial DNA (mtDNA) is a circular molecule of 16,569 nucleotide 
bases that does not recombine in humans, making it identical by descent (Cann R. , 
1988).  The molecule lies outside of the nucleus within the mitochondria, and 
hundreds to thousands of copies of mtDNA are found in each cell (Rubicz, et al., 
2006).  Most of mtDNA is coding DNA, meaning that it provides instructions to build 
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Figure 8.  The human mitochondrial genome.  Letters along the outside indicate haplogroups 
with defining enzyme cut sites following (Rubicz, et al., 2007). 
 
a particular protein (see Figure 8).    The coding DNA of the mitochondria has a rapid 
mutation rate of 0.017 x 10
-6
 substitutions per site per year, exceeding that of nuclear 
DNA by 5-10 times (Pakendorf & Stoneking, 2005).  These mutations are usually 
single base substitutions, where repair mechanisms fail to catch the error, and are 
shown in Figure 8 (Cann R. , 1988).  These types of mutations have been used to 
categorize the worldwide mtDNA diversity into haplogroups, or groups of sequences 
that have similar evolving mutations due to a common ancestor (Jobling, et al., 2004). 
 Further investigation of this genome has provided researchers with sites on the 
chromosome that mutate at an even faster rate, giving geneticists information on 
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historical events in human history.  For this, there is a non-coding fragment ~1100 
base pairs long that codes for regulatory functions in the mtDNA genome called the 
control region (CR), or d-loop in Figure 8 (Pakendorf & Stoneking, 2005). There are 
two commonly sequenced hypervariable segments (HVS) in the CR which mutate at a 
relatively faster rate than the rest of the genome, and have been termed 'mutational 
hot spots' (Stoneking, 2000).  Estimates of mutation rates at the HVS currently vary 
based on phylogenetic comparisons (0.075-0.165 x 10
-6
 subs/sites/yr) or pedigree 
analysis (average 0.47 x 10
-6 
subs/site/yr) (Pakendorf & Stoneking, 2005).  Meyers et 
al. (1999) surveyed patterns of nucleotide substitutions in hypervariable regions, and 
using a maximum likelihood approach, found that HVS I has a mutation rate twice as 
high as HVS II.  This information has been used to further classify the mtDNA 
genome into subclades, some of which are specific to a particular region of the world.  
 In Europe, mitochondrial studies have identified ten haplogroups using the 
slowly mutating regions within the coding region of the chromosome.  These 
haplogroups characterize nearly all European genomes and include H, U, T, K, J, X, 
I, V, W and M (Finnila, et al., 2000).  These haplogroups are although dispersed 
throughout the European continent.  There are, however, differences in the 
frequencies of haplogroups and their subclades throughout Europe (Achilli, et al., 
2004; Helgason, et al., 2001; Torroni, et al., 1998; Torroni, et al., 2001; Torroni, et 
al., 2000).  As a European populations, Scotland‟s mtDNA is represented by these 
same, haplogroups with 99 percent of the lineages belonging to H, I, J, K, T, U, V, W, 
and X (Sykes, 2006).   
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 The diversity in mtDNA decreases with latitude in Europe, and the farther 
northwest the population, the higher the frequency of haplogroups associated with the 
expansion out of the Iberian refuge following the LGM (Gonzalez, et al., 2003).  This 
expansion brought some the oldest and most common haplogroups to Scotland 
(Oppenheimer, 2006).  MtDNA lineages that are associated with post-glacial 
expansion are haplogroups V and H and U5 (Torroni, et al., 1998; Gonzalez, et al., 
2003).  Haplogroup U appears to have been brought in by Europe‟s first settlers.  This 
haplogroup is found mostly in Europe at a frequency of about 7 percent, with an 
occasional appearance in sub-Saharan Africa (Finnila, et al., 2000).  A 
subhaplogroup, U5, dates to around 50kya in Europe, and is present in Scotland with 
a frequency of around 8 percent (Richards, et al., 2000; Gonzalez, et al., 2003; Sykes, 
2006). The most common haplogroup in Europe, haplogroup H characterizes between 
40-50% of all European population‟s mtDNA (Achilli, et al., 2004).  Haplogroup H 
arose in the Middle East around 30-25 kya, and probably arrived in Europe during the 
Paleolithic as well (Richards, et al., 2000; Achilli, et al., 2004).  Haplogroup H makes 
up about 45 percent of all mtDNA haplotypes in Scotland and probably arrived there 
in several waves (Helgason, et al., 2001; Sykes, 2006).  Several H haplotypes 
probably arrived in initial movements into Scotland, including haplotypes belonging 
to subhaplogroups H1 and H3 which have been shown to have spread out of the 
Iberian refugia (Achilli, et al., 2004).  Haplogroup V dates to around 16 kya and was 
dispersed from the Iberian Peninsula throughout western Europe following the LGM  
(Torroni, et al., 2001) 
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Neolithic contributions can be seen in increasing frequency the farther south in the 
continent with high levels of diversity seen in the Iberian Peninsula (Gonzalez, et al., 
2003).  Genetic and archeaological evidence point to two different routes of 
agricultural diffusion to Scotland.  Some J (including J1 and J1a), T (T1 and T2), U3, 
and U5a1 and U5a1a  haplotypes traveled to Scotland through a continental route .  
Other haplotypes, such as J2,  traveled to Scotland through a Mediterranean coastal 
route and is more commonly found in Scotland then in the rest of Britain (Richards, et 
al., 2000; Gonzalez, et al., 2003).  Haplogroups J and T both originated in the Near 
East and each have a frequency of around 8 percent in Europe (Mogentale-Profizi, et 
al., 2001).   Several studies (Richards, et al. 2000; Barbujani & Bertorelle, 2001; 
Chikhi, et al., 2002; Currat & Excoffier, 2005; Dupanloup, et al., 2004) have 
attempted to define the Neolithic to Paleolithic genetic contribution to the whole of 
Europe (See Figure 9).  These studies indicate a Neolithic contribution of between 25- 
65 percent, with decreasing genetic input the further west the individuals had to travel 
(Novelletto, 2007).  The native people of Scotland, known as the Picts, are some 
combination of these Paleolithic and Neolithic influences (Sykes, 2006).  Maternal 
contributions from Ireland are harder to determine as Ireland and Scotland share 
many of their mtDNA lineages due the shared ancestry of initial settlers, as well as 
later movements from Ireland to Scotland (Helgason, Siguroardottir, Gulcher, Ward, 
& Stefansson, 2000).  Some estimates indicate that by the early 1700s, nearly a forth 
of Ireland‟s inhabitants were „of Scottish and English blood‟ (Houston, 1996).  
Ireland shares over 70 percent of its lineages with other populations throughout the 
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North Atlantic and on the European mainland (Helgason, et al., 2000).  Viking 
ancestry is easier to examine, and in 2000, Helgason et al. (2001) determined the 
amount of maternal ancestry in the Scottish Isles that is shared by the Irish and the 
Scots verses the maternal influences of Scandenavian Vikings. They found that even 
in the island of Orkney, where the Vikings had their greatest influence,  there was a 
maternal Scandinavian imput of around 38 percent with the rest of the lineages 
belonging to Scottish or Irish origin (Helgason, et al., 2001).  This influence weakens 
on the coast where Scandinavian mtDNA input drops to around 14 percent (Helgason, 
et al., 2001).  Maternal haplotypes belonging to haplogroups H and K were a part of 
this Scandinavian contribution (Helgason, et al., 2001). A summary of maternal 
contributions can be seen in Figure 10. 
 The Y chromosome found in males has a large non-recombining region 
(NRY), which is inherited in a paternal fashion.  The Y chromosome consists of about 
 





60 million bases of DNA, most of which do not code for protein (Novelletto, 2007).   
A combination of slow mutating single nucleotide polymorphisms (SNPs) and  
faster mutating segments of DNA, called short tandem repeats (STRs) are found in 
the NRY, and have been used to classify the worldwide Y chromosomal variation into 
major haplogroups and subclades (YCC, 2002; Karafet et al., 2008). SNPs are 
changes at a single base that mutate at the relatively slow rate of about 10
-8
 per base 
pair per generation (Novelletto, 2007).  Because of this, SNPs are better for tracking 
prehistoric changes, while STRs can give information on more recent events 
(Roewer, et al., 2005).  Mutations in STRs consist of additions or deletions of a 




 times faster than mutations in 
other parts of the Y chromosome (Roewer, et al., 2005).   
Figure 10.  The arrival of the most common mtDNA haplogroups to Scotland (shown in dark blue).  
Haplogroups are listed in white along the arrow.  
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 In Europe, differerentiation of the Y-chromosome has been found to be 
strongly correlated with geography (Rosser, et al., 2000; Roewer, et al., 2005).   
Roewer et al. (2005) found that Y-STR diversity in Europe differs more with 
longitude than with latitude.  Due to a low effective poppulation size of one fourth of 
the total population, the Y-chromosome is more subject to the effects of genetic drift 
(Rosser, et al., 2000).  Another factor that reduces the diversity in a population‟s Y 
chromosomes is called the Genghis Kahn effect, where a dominating group of males 
or an individual male makes a significant contribution to the gene pool.  An example 
of this is suggested from the political influence of Genghis Kahn‟s regin, where a 
particular Y chromosome lineage carried by  8 percent of all males in Asia (some 0.5 
percent of the world‟s men) is believed to be the result of male dominance of Genghis 
Kahn and his descendants during the Mongolian Empire (Jobling, et al., 2004). 
Geographic differentiation combined with the Genghis Kahn effect could account for 
the lower levels of diversity within European populations (Novelletto, 2007).   
Populations examined through both of these markers have shown that there 
are often different histories for males and females due to differences in male and 
female migration within and between populations.  For example, diversity in the Y 
chromosome has been found to be lower within a population while being higher 
among populations.  This differs from mtDNA and many autosomal markers that 
have a higher within group diversity than among group diversity (Jorde, et al., 2000; 
Wells, et al., 2001; Pereira, et al., 2001).  In other words, many mtDNA haplogroups 
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and haplotypes are shared by many different populations within the European 
continent, while Y chromosome haplotypes tend to be geographically specific 
(Mielke & Fix, 2006).  These differences in diversity between the two markers are 
often due to differences in the genetic contributions of an individual  male versus an 
individual female or differences in patrilocal versus matrilocal patterns of residence 
(Novelletto, 2007).  
The European Y-chromosome is largely described by five major haplogroups: 
R , I, J, G and E (Jobling, et al., 2004).  Figure 11 shows the movement of these 
haplogroups into Europe and the timing of these events.  In Scotland, these  
 
Figure 11.  Movement of prehistoric Y haplogroups in Europe.  Green lines indicate a Paleolithic 
expansion by 40,000 years BP.  Red circles indicate refugia during the LGM, and the 
haplogroups associated with dispersal following the retreat of ice.  The blue lines indicate 
expansion routes of Neolithic settlers that began to occupy Europe around 8,000 years ago.  
Image adapted from Barbujani and Bertorelle, 2001. 
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haplogroups are  represented by R1b (73%), R1a (9%), E1b1b (2%), I (15%) and J 
(1%).  These estimates are based on over 2,400 hundred participants to the Oxford 
Ancestry Project (Sykes, 2006). 
Several studies of Y-chromosomal variation have found that members of the 
R1b haplogroups, especially those with the Atlantic Modal Haplotype (AMH), are 
also associated with the expansion out of the Iberian Peninsula (Capelli, et al., 2003; 
Roewer, et al., 2005; Semino et al., 1996).  Haplogroup R1b probably arrived in these 
first expansions into Scotland,  supported by a study by Rosser et al. (2000) that 
usedprincple component analysis to show that Basque are more similar to Scottish 
and Irish populations than to populations closer to them geographically.  This 
haplogroup characterizes 77 percent of the Scottish population (Oppenheimer, 2006), 
with subhaplogroup R1b1c being the most common.  Individuals with the AMH, or a 
one step mutation divergence from AMH (AMH + 1), make up about 47 percent of 
Scottish lineages (Capelli, et al., 2003).  
Often described as the first peoples of Scotland, the Picts actually appear to be 
the result of admixture between the original Paleolithic settlers and the incoming 
Neolithic farmer.  Because of their early roots, they are identified by some of the 
oldest haplogroups in Europe: the Y-haplogroup of R1b, and the mitochondrial 
haplogroups of H, U5, J, T, and V (Torroni, et al., 1998; Richards, et al., 2000).  
Sykes, in his 2006 book, Blood of the Isles, identifies an R1b haplotype, which he 
labels OGAP4, that he believes is the Pict haplotype (Campbell, 2007).  Similarly, 
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several genetic genealogy groups now offer testing for the Pict haplotype, although 
what that haplotype is, they fail to disclose.    
The genetic influences of Viking interaction in Scotland are evident in 
multiple genetic systems.  For example, Poser (1994) suggests that a form of multiple 
sclerosis may have spread through the British Isles due to Viking influence.  
Similarly, variants in the phenylanlanine hydroxylase gene are believed to have arisen 
in Denmark and brought to England by Danish Vikings (Tyfiled, et al., 1997).  
Scandinavia shares several Y-chromosome haplotypes with Scotland.  Most of the 
interactions between the indigenous populations and Vikings were in the form of 
Viking men mating with local women, and evidence of this is seen in Y markers 
(Helgason, et al., 2000; Sykes, 2006).  The most prevalent Viking Y-haplotypes are 
those which belong to haplogroups I1a and R1a, although haplotypes belonging to  
Figure 12.  Arrival of the major Y-chromosome haplgroups to Scotland.  Haplogroups are listed in 
white along the arrow, with question marks around haplogroups that entered during either 




R1b are represented as well.  which point to a Viking component of 42% in Shetland 
and 37% in Orkney  
Other groups may have contributed to the Scottish gene pool as well.  While 
Roman occupation in Scotland never held, some genetic influence has been felt in the 
region.  There are a few Y chromosome haplotypes that may have spread into the 
English population through the Roman army, including haplotypes from haplogroups 
J, G, and possibly E.  These haplotypes probably made their way into Scottish 
populations through later migrations from Britain (Bird, 2007).  All of these 
haplogroups are present in low frequencies in Scottish populations.  Signatures of 
Anglo-Saxon genetic contribution, particular in Y haplogroups R1b (in particular 
R1b1c9) and I1a are seen in Scotland, but due to genetic similarities and shared 
haplotypes between the two areas, the amount of influence is difficult to determine 
(Faux, 2008).   
All of these movements of people, from the first Mesolithic settlers to the 
historical invasions and occupations, brought different mitochondrial and Y-
chromosome haplogroups to Great Britain and Ireland.  However, the distribution of 
these haplogroups differ in their frequencies and haplotypes found in each region due 
to gene flow, during prehistoric and historic movements of people, and genetic drift 
in small founding populations or as a result of disease and war.  Figure 13 illustrates 




Figure 13.  Mitochondrial DNA and Y-chromosome superhaplogroup frequencies for the United 
Kingdom.  Map was created at http://www.aquarius.geomar.de/cgi-bin/map-cgi.pl.  
Mitochondrial haplogroup frequency data for Ireland (Helgason, et al., 2001), England and 
Wales (Simoni, et al., 2000), Northern and Western Isles, and the Mainland (Scotland) from 
(Sykes, 2006).   Y-chromosome haplogroup frequencies for England and Wales (Campbell, 2007), 
the Northern Isles, Western Isles and Scottish Mainland (Goodacre, et al., 2005), and Ireland 





 Immigration to the New World colonies began in 1600s from the Lowlands 
and the Highlands of Scotland as well as Scots from the Irish plantations of Ulster.  In 
the Highlands, some areas were impacted more than others, with significant 
movements of people to the New World in groups originating from the Western Isles, 
including the Isle of Skye and the islands of Argyll, and groups from the Northwest 
Coast of Scotland.  Highlanders and Lowlanders contributed significant numbers to 
the population of the colonies, and the later population of the United States.  
However, the majority of individuals of Scottish decent are the Scotch-Irish from 
Ulster.  There are also significant differences in the numbers of single male versus 
single female immigrants to the U.S.  Males outnumbered female immigrants from 






 centuries, as the demand for female labor 
in textiles, agriculture, and domestic service kept many females in Scotland.   
However, the movement of single Irish females, including the so-called Scotch-Irish, 
was often more prevalent than single male Irish immigrants, and must be taken into 
consideration in this study.  The people of Scotland have been genetically influenced 
by several migrations, from the first arrivals during the Mesolithic, to the later 
invasions of Romans and Vikings.  All of these movements have had an effect on the 
markers used in this study.  If the individuals of this study are of Scottish maternal 
descent, they should carry mtDNA markers belonging to haplogroups H, I, J, K, T, U, 
V, W and X.  If their ancestry is of a paternal Scottish origin, the individual should 
carry Y-markers associated with haplogroups R1b, R1a, E1b1b, I and J. 
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Chapter Three:  Materials and Methods 
Sampling 
 
 Participants for this study were recruited from the Kansas City Highland 
Games in June of 2006.  Marion L. Mealey, a graduate student in the Department of 
Anthropology at the University of Kansas, collected demographic information and 
samples of mouth rinses for this study.  Each participant gave his or her signed 
consent that met the University of Kansas Internal Review Board‟s requirements.  
Participants also completed a brief questionnaire which included their name, date of 
birth, sex, birth location, first language, clan affiliation (although septs were also 
identified), as well as genealogical information consisting of both parents and 
maternal and paternal grandparents.  Listed clan affiliations were grouped into the 
major clans recognized by the Court of Lord Lyon (http://www.lyon-court.com/ 
lordlyon/CCC_FirstPage.jsp), the official Scottish clan registry.  A distribution of 
these clans for individuals included in mtDNA and Y chromosome analyses can be 
viewed in Appendix A.  Some participants also included addresses and email 
addresses in order to obtain information on the results of this study.  
For DNA analysis, saliva was collected from each individual.  Participants 
were given 10 mL of distilled water in a small cup and asked to swish the water in 
their mouths for 10 seconds before expelling the contents back into the cup.  The 
samples were then transferred to a 15 mL collection tube for transport to the 
Laboratory of Biological Anthropology at the University of Kansas, where the 
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samples were frozen until analysis.  A total of 58 males and 35 females volunteered 
for this study.  All participants were born in the United States except for one 
individual who was born in Scotland.  For the purpose of this study, this individual 
was removed from the analyses.  Of the individuals sampled, 93 percent (n=86) 
reported an affiliation with a clan of Scotland.  Two databases were used to find 
surnames that have a historical presence in Scotland:  1) The Scotland‟s People, a 
government run genealogical database that carries statutory registers from 1855-2006, 
parish records dating from the early 1500s to the 1850s, and old census records 
(http://www.scotlandspeople.gov.uk/) and 2) The National Trust Names website, a 
University College London project that examines the distribution of surnames 




 Comparative European populations which contained 
data for mtDNA HVS-I sequences and for Y-STRs were 
compiled from the literature.  Populations were chosen to 
represent those groups which contributed the most reported 
European ethnicities to the United States of America (See 
Table 1).  For mtDNA analysis, Scottish populations were 
obtained from Helgason et al. (2001) and were compared 
between nucleotide positions (np) 16070-16400 [GenBank 
Table 1.  European 
ethnicity as reported in 
the 2000 US Census. 
Population estimated at 














accession numbers AY024369-AY026032]. Sequence data for European populations 
(np 16090-16367) were compiled by McEvoy et al. (2004) 
(http://www.gen.tcd.ie/molpopgen/data.htm ).  Y-STR data from Scotland were 
obtained from Goodacre et al. (2005) Capelli et al. (2003), and contained information 
on the loci DYS19, DYS390, DYS391, DYS392, and DYS393.  Comparative 
European populations were obtained from Roewer et al. (2005) in the Y Chromosome 
Haplotype Database (http://www. YHRD.org).  The following markers were used for 
comparison with European populations: DYS19, DYS389I/II, DYS390, DYS391, 
DYS392, and DYS393.  A list of all comparative populations and their sources are 
listed in the Table 2. 
 
Table 2.  Comparative populations and number of samples used in this study 
 
mtDNA HVS-I sequences Y-STR data
Ethnicity Population n Source(s) n Source(s)
Scottish Scotland 895 495 Capelli et al. 2003 & Goodacre et al. 2005
Northwest Coast 154 Capelli et al. 2003 & Goodacre et al. 2005
Western Isles & Skye Helgason et al. 2001 160 Capelli et al. 2003 & Goodacre et al. 2005
Orkney 121 Capelli et al. 2003
Shetland 256 Capelli et al. 2003 & Goodacre et al. 2005
German Germany 582 McEvoy et al. 2004 3442 Roewer et al. 2005
Irish Ireland 300 McEvoy et al. 2004 107 Roewer et al. 2005
English England 242 McEvoy et al. 2004 247 Roewer et al. 2005
Cornwall 92
Wales 92
Italian Italian 248 McEvoy et al. 2004 1340 Roewer et al. 2005
French France 379 McEvoy et al. 2004 208 Roewer et al. 2005
Polish Poland 473 McEvoy et al. 2004 1313 Roewer et al. 2005
Dutch Netherlands n/a 275 Roewer et al. 2005
Belgium 33 McEvoy et al. 2004 125 Roewer et al. 2005
Norwegian Norway 629 McEvoy et al. 2004 300 Roewer et al. 2005
Swedish Sweden 32 McEvoy et al. 2004 708 Roewer et al. 2005






 DNA was extracted from the samples using a Chelex extraction method.  
Samples were thawed and kept still at room temperature for 20-25 minutes to allow 
cells to settle to the bottom of the tube.  The cells were transferred to two 2.0 mL 
microcentrifuge tubes and centrifuged at 8,000 rpm for five minutes.  The aqueous 
overflow was discarded leaving only the cells in the bottom of the tube.  A solution of 
100 µL 10% Chelex (BioRad, Hercules, CA) was added to each sample.  The samples 
were resuspended through vortexing and then placed on a heating block at 100°C for 
10 minutes.  This step causes the cells to lyse and release the DNA and proteins.  The 
next step, cooling the samples by placing them on ice for 3 minutes, allows the 
Chelex to bind to all of the cellular material except the DNA.  The samples were 
centrifuged for 5 minutes at 10,000 rpms, allowing the Chelex bound material to form 
a pellet in the bottom of the tube.  The Chelx bound material was discarded, and the 
aqueous overflow with DNA was transferred into a new 0.5 mL tube and stored at 
4°C.  Problematic samples were extracted using QIAamp Minikit (Qiagen, Valencia, 
California) following the manufacturer‟s protocol.   
Mitochondrial DNA:  RFLP and HVS-I sequencing 
Population studies utilizing mtDNA began in the 1980s with the analysis of 
restriction fragment length polymorphisms (RFLPs), which are variations in the 
length of DNA segments detected by cuts in the molecule by specific restriction 
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enzymes (Schanfield, 2006).  One of the earliest of these RFLP studies used to 
examine the origin of modern humans was performed by Cann et al. (1987) which 
found 195 polymorphic sites in the mtDNA of 145 individuals representing different 
geographic regions of the world.  Further research has identified several RFLPs that 
are characteristic of populations in Europe, and define the major haplogroups found 
there (Torroni, et al., 1994; Torroni, et al., 1996).   
Recently, scientists have begun to routinely sequence the entire mtDNA 
genome.  While this information may provide better resolution in phylogenetic trees, 
it has not been show to further our understanding of human population history in a 
way in which makes it more cost effective than the original studies on RFLP and 
HVS I sequences (Pakendorf & Stoneking, 2005).  HVS sequences alone can be 
misleading since similar mutations are found in different haplogroups (Torroni, et al., 
2000; Kivislid, et al., 2002).  However, RFLP analysis alone can only show which 
haplogroup the mtDNA belongs to, but it cannot further describe their branching 
orders (Kivislid, et al., 2002).  Because of this, and to control cost, this study used 
both RFLP analyses and sequencing information from the hypervariable segment I to 
characterize the population. 
Sequencing of the non-coding portion of mtDNA, HVS-I was amplified 
between positions 15976 and 16401. This region was chosen because of a fast 
mutation rate, and the availability of comparative sequences in several European 
populations.  Polymerase chain reaction (PCR) of the HVS-I was performed using 5  
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Table 3.  MtDNA primers used in the analysis.  All primers were synthesized by Integrated DNA 
Technologies (Coralville, IA).  Restriction enzymes are from New England BioLabs (Beverly, 
MA). 
 
μL of 5X Flexi buffer, 4.3 μL of MgCl2, 0.5 μL of dNTP, 0.2 μL of Taq polymerase, 
5.0 μL ddH2O, 2.5 μL each of forward and reverse primers (See Table 3), and 5μL of 
DNA dilution for a total reaction volume of 25 μL. All of the above reagents, except 
for the primers, were purchased from Promega (Madison, WI).  The thermal profile of 
the PCR reaction consisted of a 3 minute denaturation period at 94°C, and 35 cycles 
of a 30 second 94°C denaturation period, a 30 second 57°C annealing period and a 30 
second 72°C extension period.  The samples where then put through a final 3 minute 
extension period of 72°C.   The fragments were visualized through electrophoresis on 
a 1.5% Seakem Agarose gel, and photo documented under a UV fluorescent light. 
Following amplification, the samples were purified using Qiagen‟s QIAquick PCR 
purification kit following the manufacturer‟s protocol (Qiagen, Valencia, California).  
Purified samples were sent to the University of Kansas DNA Sequencing Laboratory, 
where they were sequenced by Dr. Mike Grose using an ABI 3700 sequencer.  
mtDNA loci Annealing
& enzymes Primers Sequence 5'-- 3'  temperature
HVS I L15976 For CCA CCA TTA GCA CCC AAA GCT AAG 57°C
L16401 Rev TGATTTCACGGAGGATGGTG
H L6958 For CCT GAC TGG CAT TGT ATT 58°C
Alu I 7025 H7049 Rev TGTAAAACGACGGCCAGTTGATAGGACATAGTGGAAGT
K 8931 For ACC CCT TAT CCC CAT ACT AGT TA 51°C
Hae II 9052 9102 Rev TTA CTA GAA GTG TGA AAA CGT AGG
U/K L12216 For CAC AAG AAC TGC TAA CTC ATG C 55°C
Hinf I 12308 H12338 Rev ATT ACT TTT ATT TGG AGT TGC ACC AAG ATT
V 4519 For CACTCATCACAGCGCTAAGC 55°C
Nla III 4577 4620 Rev TGGCAGCTTCTGTGGAAC
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RFLP is a type of analysis which uses restriction enzymes to target a 
particular part of the mtDNA genome.  A positive result is indicated by the cutting of 
the DNA fragment, whereas a negative result leaves the fragment intact (Rubicz, et 
al., 2006).  This method was used for haplogroup assignments by way of a 
hierarchical approach where the most common European haplogroup, haplogroups H, 
was examined first, and so on down the list until most of the haplotypes were 
categorized (following Finnila, et al., 2001). PCR amplification for mtDNA 
haplogroups were prepared using 7.8 μL of sterile water, 2.5 μL 5X Flexi buffer, 4.0 
μL of MgCl2, 2.5 μL of primers forward and reverse (see Table 2 for primer list), and 
0.2 μL of Taq polymerase.  Each multiplex was run under the following thermalcycle 
profile:  an initial 3 minute denaturation period at 94°C, and 35 cycles of a 40 second 
94°C denaturation period, a 30 second primer specific temperature for annealing (see 
Table 2), and a 45 second 72°C extension period.  A final 5 minute extension period 
at 72°C finalized the PCR.  The samples were stored at 4°C for further analysis.  The 
presence of DNA was verified by running the samples in a 1.5% Seakem LE Agarose 
gel and visualized under a UV illuminator. Restriction digest was performed using 9.0 
μL of sterile water, 2.0 μL of enzyme specific buffer, 1.0 μL of BSA, and 0.5 μL of 
the specified enzymes (see Table 3 for list of enzymes). Samples were incubated at 
37°C for 12 to 18 hours. The reactions were halted by adding 5 µL of blue loading 
dye (Promega).  Electrophoresis was then used to visualize digested fragments in a 
3% NuSieve 3:1 agarose gel with an ethidium bromide stain. Each run was photo 
documented using a UV fluorescent light. 
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Sequence data of mtDNA HVSI were aligned to the revised Cambridge 
Reference Sequence (Andrews, et al., 1999) using the program CLUSTALW 
(Thompson, et al. 1994) in MEGA version 4 (http://www. megasoftware.net/) 
(Tamura, et al., 2007).  The sequences included up to 354 base pairs at positions 
(16045-16399), and mutational positions were identified.  Mutational sites along the 
HVSI were used in combination with RFLP data to confirm haplogroup assignments.  
Samples in which RFLPs were not informative or failed to amplify were assigned to 
haplogroups through HVS-I haplogroup defining mutations, and were cross checked 
using the haplogroup assignment program at the National Geographic Genome 
Projects website (http://nnhgtool.nationalgeographic.com/ classify/).    
Y Chromosome: short tandem repeats 
 The Y-chromosome has been used extensively in forensic and population 
studies.  The extensive use of Y-STRs in various types of investigations has led to the 
recommended use of eleven core loci for Y chromosome studies (SWGDAM, 2004).  
The first nine of these loci (DYS19, DYS385a/b, DYS389I/II, DYS390, DYS391, 
DYS392, and DYS393) were recommended in 1997 as the core European loci 
(Kayser, et al., 1997).  Two other loci, DYS438 and DYS439, were added to this core 
loci profile (SWGDAM, 2004).  These markers were chosen for the following study 
because of the SWGDAM recommendations and the extensive use of these markers 
in the literature.   
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PCR was performed on all male samples to amplify regions of the Y 
chromosome.  These reactions were performed in three multiplexes following Redd et 
al. (1997) and Zlojutro (2008).  Multiplex I (DYS385a/b, DYS390, DYS391, and 
DYS393) consisted of 4.4 µL of 5X buffer, 3.8 µL of MgCl2, 1.0 µL of dNTP mix, 
0.3 µL of Taq polymerase, 0.4 µL of BSA, 5.7 µL ddH2O, 2.0 µL Primer Mix, and 
4.4 µL of diluted DNA for a total reaction volume of 22 µL.  Multiplex II (DYS19, 
DYS392, DYS438, and DYS439) consisted of 3.6 µL of 5X buffer, 3.1 µL of MgCl2, 
1.0 µL of dNTP mix, 0.2 µL of Taq polymerase, 0.3 µL of BSA, 4.1µL ddH2O, 2.0 
µL Primer Mix (See Table 4), and 3.6 µL of diluted DNA for a total reaction volume 
of 18µL.  PCR reaction mix for DYS389 I/II consisted of  3.6 µL of 5X buffer, 3.1 
µL of MgCl2, 0.4 µL of dNTP mix, 0.2 µL of Taq polymerase, 0.3 µL of BSA, 5.2 µL 
ddH2O, 0.8 µL each of DYS389I/II For and Rev primers, and 3.6 µL of diluted DNA 
for a total reaction volume of 18µL.  Each multiplex was run under the following 
thermalcycle profile:  an initial 3 minute denaturation period at 94°C, and 35 cycles 
of a 30 second 94°C denaturation period, a 30 second primer specific temperature for 
annealing (see Table 4), and a 30 second 72°C extension period.  Samples were 
visualized under a UV illuminator in a 1.5% Seakem LE Agarose gel to ensure 
successful amplification.   
To determine allele size, approximately 1.0 µL of Multiplex I, II and 
DYS389I/II PCR products were combined and then diluted with ddH2O at a ratio of 
roughly 1:100.  The samples were sent to the DNA Sequencing Lab (University of  
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Table 4.  List of Y-STR loci and primers for each multiplex used in this study.  All primers were 
synthesized by Integrated DNA Technologies (Coralville, IA).  See Roewer & Epplen (1992), de 
Knijff et al. (1997), Kayser et al. (1997), and Ayub et al. (2000). 
 
 
Kansas) for analyses by Dr. Mike Grose, where they were loaded onto the 
ABI®3130xI.  The ABI®3130 Data Collection ver. 3.0 program was used to 
determine fragment lengths at each loci.  The alleles were scored and probable 
haplogroup assignments were inferred using Whit Athey‟s Haplogroup Predictor 
(http://www.hprg.com/hapest5/hapest5a/hapest5.htm?order=num), a program which 
uses a Bayseian method to give the probability of a haplogroup assignment.  This 
program is particularly well suited for populations of Northwestern Europe, in the 
chosen  prior area of origin option, as it has been tested against European populations 
in the YCC database (Athey, 2006).   
Y-STR loci Repeat Motif Primer Sequence 5' -- 3' Annealing Temp
Multiplex I DYS385a/b [GAAA]n For AGCATGGGTGACAGAGCTA
Rev TGGGATGCTAGGTAAAGCTG
DYS390 [TCTG]n[TCTA]n[TCTG]n[TCTA]n For TATATTTTACACATTTTTGGGCC
Rev TGACAGTAAAATGAACACATTGC 57°C
DYS391 [TCTA]n For CTATTCATTCAATCATACACCCA
Rev GATTCTTTGTGGTGGGTCTG
DYS393 [AGAT]n For GTGGTCTTCTACTTGTGTCAATAC
Rev AACTCAAGTCCAAAAAATGAGG
Multiplex II DYS19 [TAGA]3tagg[TAGA]n For CTACTGAGTTTCTGTTATAGT
Rev ATGGCCATGTAGTGAGGACA
DYS392 [TAT]n For TCATTAATCTAGCTTTTAAAAACAA
Rev AGACCCAGTTGATGCAATGT 56°C
DYS438 [TTTTC]n For TGGGGAATAGTTGAACGGTAA
Rev GTGGCAGACGCCTATAATCC
DYS439 [GATA]n For TCCTGAATGGTACTTCCTAGGTTT
Rev GCCTGGCTTGGAATTCTTTT
DYS389I/II DYS389I [TCTG]3[TCTA]n For CCAACTCTCATCTGTATTATCTAT
Rev TCTTATCTCCACCCAGA 56°C






 Diversity measures of mtDNA HVS I sequences and Y-STRs were computed 
in Arlequin version 3.1 (http://cmpg.unibe.ch/software/ arlequin3/) (Excoffier & 
Schneider, 2005).  The measurements included in this study are Nei‟s gene diversity 
statistic (H) (Nei, 1987), the mean number of pairwise differences between all pairs 
of haplotypes within a sample (π) (Tajima F. , 1993), and two estimates of the 
expected diversity in a population (θ).  Gene diversity (H) is a statistic similar to 
heterozygosity with diploid data, and measures the probability that two randomly 
selected haplotypes from a sample will be different (Nei M. , 1987).  Gene diversity is 








                                                                                                 
where n is the number of samples, k is the number of haplotypes in the sample, and pi 
is the frequency of the i
th
 haplotypes within the sample (Nei M. , 1987).   The mean 











where n equals the size of the sample, dij  estimates the number of mutations that 
differentiate haplotypes i and j, k equals the number of haplotypes in a population 





locus the expected diversity (θ) equals 2Neµ, where Ne is the effective population size 
and µ is the mutation rate of the marker studied.  Estimations of θ used in this study 
include θk, and θS for mtDNA sequence diversity.   An estimator of θ based on the 
expected number of alleles (k) in a population and the sample size in relation to the 
expected diversity found in the population is computed as θk, which equals: 
 






(Ewens, 1972).  Arlequin also produces a 95 percent confidence interval around θk by 
assessing the probability that k will equal 0 (lower bound) and 1 (upper bound), and  
are the sums of the probability of observing k’ alleles when k’=0,…k (Excoffier & 
Schneider, 2005).  Theta S is an estimate of the expected diversity within a population 
based on the number of segregating sites in a sample, and is defined by the equation:   
      






where S is the number of segregating sites and a1 (Watterson, 1975).  Measurements 
of mtDNA sequence diversity are based on the infinite sites model, proposed by 
Kimura (Kimura, 1969), assumes that because the mutation rate at each site is small 
and the number of sites in a DNA segment is large the probability that a mutation will 
occur more than once at the same site is negligible.  For Y-STR data, the stepwise 





mutations increases or decreases an allele‟s length (or a single repeat) with equal 
probability (Jobling, et al., 2004). 
 Summary statistics for the Kansas City Games Group also included an 
examination of each of the eleven Y-STR loci giving the number of gene copies 
where information on the loci was present, the number of alleles at each locus, the 
expected heterozygosity at each locus, the allelic range of each locus, and a Garza-










where n is the number of gene copies in the sample, k is the number of alleles at each 
locus, and pi is the frequency of the i
th 
allele at each locus (Excoffier & Schneider, 
2005).  The G-W statistic is a statistic that examines the relationship between the 
number of alleles at a locus and the range of lengths at each locus.  This measure has 
been shown to be sensitive to bottleneck events and will yield a low G-W statistic.    
A static population should yield a number close to one (Excoffier & Schneider, 
2005).  The G-W statistic is calculated by taking the number of alleles at a locus and 
subtracting the loci‟s allelic range plus one (Garza & Williamson, 2001).  
 Diversity measures for Y-STR data were calculated for the Kansas City Group 
and comparative populations in three combinations.  The first combination included 
the available five loci (DYS19, DYS390, DYS391, DYS392, and DYS393) for 




Capelli et al. (2003).  The next combination compared European population, 
including a combined set of all Scottish regions labeled as Scotland and the KC 
Games group, using the same 5 loci listed above.  The Scottish populations were then 
removed from the computations to examine diversity measures of 7 loci (DYS19, 
DYS389I, DYS389II, DYS390, DYS391, DYS392, and DYS393) that are found in 
other European populations that made contributions to the American gene pool.   
 Two tests of neutrality were also computed on mtDNA HVS-I sequence data, 
Tajima‟s D and Fu‟s FS.  Both methods are based on the infinite-sites model for DNA 
sequences and RFLP markers that do not recombine.  Tajima‟s D compares θπ, which 
is equal to π as defined by Equation 2, and 𝜃𝑆   by randomly generating samples under 
the hypothesis of selective neutrality and a population that is in equilibrium.  The D is 




 𝑉𝑎𝑟 𝜃𝜋 − 𝜃𝑆 
 
 (Tajima F. , 1993).  A significant D value indicates a population which is under 
selection, expansion, or contraction (Excoffier & Schneider, 2005).  Fu‟s FS statistic 





where S equals the probability that randomly generated values of k (K) will be greater 





sensitive to demographic expansions which give large, negative values that display a 
p-value of 0.02 and below (Fu, 1997; Excoffier & Schneider, 2005).   
 The amount of Y-STR and mtDNA sequence haplotype sharing between the 
Kansas City Highland Games sample and other European populations were also 
assessed using the shared haplotypes option in Arlequin.  A percentage of Kansas 
City Games haplotypes that were shared with each population were calculated by 
taking the number of shared haplotypes divided by the number of the sample.  
Similarly, the percentage of European haplotypes within each population that 
matched with the Kansas City Games haplotypes were also computed.  
Another way to represent the molecular diversity in a population is through a 
mismatch distribution.  Mismatch distributions can be suggestive of demographic 
events in a population‟s history.  For example, a unimodal distribution has been 
shown to represent a recent population expansion while a multimodal distribution 
indicates a population that has maintained its size over time (Rogers & Harpending, 
1992).  A raggedness index (r) asseses these mismatch distributions, as a higher index 
is found in a static population that usually produces a multimodal distribution 
(Harpending, et al., 1993).  This index is defined by the following equation: 
 





where d is the maximum differences between haplotypes, and x is the relative 




sample and those from Scotland, mismatch analysis and r index were performed on 
mtDNA sequences data based on pairwise distances computed in Arlequin 3.1. 
 To examine the population structure of the Kansas City Games group when 
compared to other Scottish populations, an Analysis of Molecular Variance 
(AMOVA) was performed in Arlequin 3.1.  Each population was placed into one of 
three groups:  1) Kansas City Games group, 2) Scottish mainland (including the 
Northwest Coast of Scotland), and 3) the Scottish Isles (including the Western Isles, 
the Isle of Skye, Orkney, and Shetland.  This statistical approach is a way of 
estimating population differentiation based on the molecular data, and provides the 
percent of variation explained by variation among the three groups, the variation 
among populations within groups, and the variation found within the populations 
(Excoffier & Schneider, 2005). 
 A median-joining network (MJ) was computed for mtDNA sequences and 
RFLPs in the statistical program NETWORK 4.5.1 (Fluxus Technology Ltd) 
following Bandelt, et al., (1999).  MJ networks represent relationships between 
haplotypes by inferring likely ancestral haplotypes.  This method was employed to 
examine the Kansas City Games samples. HVS-I sequences were analyzed between 
nucleotide positions 16070-16400.  Both actual RFLP data and inferred RFLPs were 
added to the MJ network to identify the major haplogroups represented in the sample 
and to better assess the relatedness of each individual.  To account for variation in the 
rate of evolution at differing sites, the sites were classified by their rate of evolution 





16129, 16189, 16311, and 16362.  Sites that evolve at an 
intermediate rate include 16126, 16145, 16168, 16172, 16184, 16192,
 
16209, 16218, 
16223, 16256, 16261, 16278, 16291, 16293, 16294,
 
16304, 16320, and 16325, and 
were given a weight of 2.  RFLP sites were weighted at 10, and all other positions 
were considered to be slow evolving and weighted at 4.   
 Two other methods were employed to show the relationship of the Kansas 
City Highland Games sample and populations of Scotland and Europe: Neighbor-
Joining (NJ) trees and Multidimensional Scaling (MDS).  A Neighbor-Joining (NJ) 
tree is produced in an attempt to find a tree that describes the relationship between 
populations with the shortest sum of branch lengths (SO) (Saitou & Nei, 1987).  This 
method begins with a star tree which is produced with the assumption that the groups 
do not cluster.  The NJ method then computes the sum of all branch lengths until 
pairs of true neighbors are identified to find the smallest SO. The smallest sum of 
branch lengths can be defined by the following equation: 
 
𝑆𝑂 =  L𝑖𝑋 =
1










where m the number of neighbors, LiX equals the branch length estimate between 
nodes i and X , and  T  equals the sum of distance estimates dij ( (Nei & Kumar, 
2000). Multidimensional Scaling (MDS) is a method that displays information from 
various distance matrices in a form which can be examined visually, usually in two or 




(1993) distances for mtDNA sequence data because it accounts for differences in 
transversion and transition rates, as well as transition rates between purines or 
pyrimidines (Excoffier & Schneider, 2005).  Slatkin‟s (1995) corrected linearized RST 
distances were used for MDS plots of Y-STR data as described in Manly (1994).  A 
test of goodness-of-fit of the data to the graph can be assessed by the stress value 
defined by Kruskal‟s formula as:                                      
 






where dij represents the distance values for each pair of objects and 𝑑𝑖𝑗
𝑓
 represents a 
scaled distance for each ij (Kruskal, 1964).  The lower the stress value the better the 
plot represents the information from the original distance matrix.  Sturrock & Rocha 
(2000) found a relationship between the number of samples or populations used to 
produce a plot and the stress value that should be influenced by these numbers.  MDS 
plots for this study included the use of 5, 6, 12 and 13 populations with the suggested 
two dimensional maximum stress values for goodness-of-fit to the data as 0.000, 
0.019, 0.183, and 0.199 respectively (Sturrock & Rocha, 2000). 
 All participants in the study were sequenced at the HVS-I and analyzed for 
RFLPs in order to determine mtDNA haplogroups.  Male participants in this study 
also underwent Y-STR analyses which were used to infer haplogroups within the 
sample.  Diversity measures including H and π, expected diversity measures 




median-joining network and mismatch distribution for mtDNA sequences, are used to 
describe individuals from the Kansas City Highland Games and the European 
populations that they are compared to.  To examine population structure among the 
Scottish samples and the Kansas City games group, both mtDNA sequence data and 
Y-STR data were used for AMOVA.  Multidimensional scaling and neighbor-joining 






















































Chapter Four:  Results 
Mitochondrial DNA Analyses 
 
 A total of 80 individuals were sequenced for HVS-I and underwent RFLP 
analyses.  In all, the sample revealed 61 unique haplotypes belonging to haplogroups 
H, V, U, K, J, T, and W (See Table 5).  Three individuals matched the CRS for HVS-
I haplotypes but did not belong to haplogroup H, U or V based on RFLP analysis.  
These three samples are classified as unknown.  The most common haplogroup 
represented in the sample was haplogroup H, making up 51 percent of the sample 
with haplogroups U, J, V, T, K and W making up between 14 and 1 percent.  Figure 
14 gives the haplogroup frequencies in the Kansas City Games group compared to 










Figure 14.  Mitochondrial haplogroup frequencies in Scotland, Orkney, Western Isles & Skye 
(Helgason, et al., 2001), and the Kansas City Highland Games group. 
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Table 5.  Results from mtDNA HVS-I sequencing and RFLP analysis.  A (*) denotes failed RFLP 
attempts.   
 
 Figure 15 displays a median-joining network of the haplotypes found in this 
study.  The most common haplotype in this study belonged to nine individuals who 
were in haplogroup H and matched the HVS-I Cambridge Reference Sequence.   



































4 HVS I haplotype (+16000) n
H - 93 1 V + - 298 3
H - 93, 304 1 V + - 79, 298 1
H - 75 1 V + - 261, 298, 311 1
H - 60, 304 1 V + - 223, 240, 298 1
H - 110, 162, 209 1 U + + + - 75, 162 1
H * 129, 223, 391 1 U + + + - 126, 294, 296, 304 1
H - 134, 356 1 U + + + - 75, 104, 189, 256, 270 1
H - 140, 274, 356 1 U + + + - 93, 192, 256, 270, 291 1
H - 147, 356 1 U + + + - 1014, 192, 256, 270, 294 1
H - 148, 293 1 U + + + - 93, 256, 270, 291 1
H - 162, 209 1 U * 189, 270 1
H - 176 2 U + * 189, 270, 319, 392 1
H - 189, 356, 375 1 U + * 192, 256, 270 1
H * 64, 184, 189, 356 1 U + - * 51, 129, 189, 194, 197, 362, 377 1
H - 189, 368,377 1 U + - * 51, 129, 182, 183, 189, 233, 362 1
H * 183, 189, 225, 278 1 K + + + + 224, 311 3
H - 192, 239,311 1 K + + + + 93, 224, 311, 319 1
H * 235, 291, 293 1 J + + - 126 1
H - 239 1 J + + - 59, 126 1
H - 266, 320 1 J + + - 69, 126 2
H - 287 1 J + + - 69, 126, 311 1
H - 289 1 J + + - 75, 116, 126, 311 1
H - 293 1 J + + - 126, 294, 296, 304 2
H - 293,362 1 J + + - 60, 69, 126, 265, 319 1
H - 30, 362 1 J + + - 69, 126, 145, 172, 223, 261 1
H - 304, 311 1 T + + - 126, 294, 311 1
H - 368 1 T + + - 126, 163, 186, 189, 294 1
H - 319 4 T + + - 126, 153, 242, 294, 320 2
H - CRS 9 W + + - 223, 278, 292 1




Figure 15.  Median-joining network of eighty Kansas City Highland Game group mtDNA 
haplotypes.  All mutation sites (shown in blue) are plus 16000 except for nucleotide positions 
7025, 4577, 12305, and 10394.  Nodes are proportional to haplotype frequency, with the smallest 
node representing one, and the largest node representing nine. 
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Table 6.  Summary statistics for the KC Games group and four Scottish populations based on mtDNA 
HVS-I sequence data (np 16080-16380), including the number of samples (n), gene diversity (H), the 
number of pairwise differences between haplotypes (π), and the expected diversity based on k and S.  
 
 
Another haplotype belonging to haplogroup H was found in four individuals with a 
transition at np 16319.  Two haploptypes, one belonging to haplogroup V with a 
transition and np 16298, and a ht belonging to haplogroup K with transitions at nps 
16224 and 16311, belonged to three individuals.  All other haplotypes, were found in 
one individual in the study.   The main purpose of a median-joining network is to 
show the relationship between the haplotypes and identify ancestral nodes.  However, 
as this is a heterogeneous sample representing various European backgrounds, the MJ 
network presented here is intended to show the diversity observed in this sample.  
Table 6 provides the summary statistics for the Kansas City Highland Games 
group when compared to four regions of Scotland.  Compared to Scottish HVS-I 
sequences, the Kansas City Games group displays a slightly higher level of genetic 
and nucleotide diversity than the average for all regions except, despite having a 
smaller sample size compared to every regions except Orkney.  When levels of 
expected diversity are tested for neutrality, both Tajima‟s D and Fu‟s FS give 
significant values.  These results are consistent with other studies of European 
Sample n H s.d (H ) π s.d. (π ) θ k C.I. (θ k ) θ S s.d (θ S ) Tajiima's Fu's FS
KC Games 80 0.9677 0.0125 4.1139 2.0704 71.7110 (45.4685, 114.3927) 12.5177 3.4850 -2.2402 -25.9087
Scotland 603 0.9669 0.0043 4.0658 2.0312 121.1191 (101.2758, 144.5571) 14.0433 2.8956 -2.0583 -25.0753
NW Coast 196 0.9683 0.0073 4.2943 2.1359 65.4162 (48.7873, 87.5209) 11.9601 2.9129 -1.9837 -25.5207
Wisles&Skye 159 0.9797 0.0040 4.4762 2.2168 58.1779 (42.1373, 80.1730) 10.8099 2.7461 -1.8379 -25.5680
Orkney 77 0.9498 0.0145 3.7708 1.9215 27.3594 (17.3423, 42.9931) 6.9183 2.0851 -1.4890 -26.0306
Mean 223 0.9665 0.0085 4.1442 2.0752 68.7567 (51.0021, 93.9274) 11.2499 2.8250 -1.9218 -25.6207
*Tajima's D are significant at p<0.05, Fu's FS are significatn at p<0.005
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populations, and are usually indicative of population expansion or selection.  Based 
on the historical data these numbers are most likely due to a population expansion.  
When the Kansas City Games group was compared to Scottish populations, 
fifty-eight percent (n=46) of the group had a haplotype that is frequent in Scotland.  
Of these, fifty-six percent (n=45) matched with the Scottish mainland and other 
Scottish populations, one sample only matched with the Scotland mainland, one 
matched a ht found in the  Northwest Coast of Scotland, and another sample matched 
with a haplotype found only in the Western Isles and the Isle of Skye.  Figure 16 
shows the percent of the Kansas City Games group that share a haplotype with each 
Scottish region and the percent of each region that shares a haplotype with the KC 
Highland Games sample.  Maternal lines are more commonly found on the Scottish 
mainland and the Northwest of Coast of Scotland, whereas the Scottish Isles share the 
least maternal lines.
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Figure 17.  Mismatch distributions of the KC Games group and four Scottish populations.   
  
Mismatch distributions of the Kansas City Games group and the four Scottish 
regions are provided in Figure 17.  Overall, the distributions of the groups are similar.  
All five groups reach a peak in the number of pairwise differences between three and 
six, with frequency ranges between 17 and 20 percent.  A raggedness index was 
calculated for each population, ranging between 0.0120 (Northwest Coast) and 
0.0145 (Western Isles and Skye).  None of the values were significant at p=0.05.  
These small raggedness values, coupled with a unimodal distribution, are usually 
associated with a population in demographic expansion (Excoffier & Schneider, 
2005). 
A neighbor joining tree showing the relationship between the Kansas City 
Games group and the four comparative Scottish regions can be viewed in Figure 18.  
In this plot, the Kansas City Games group forms a cluster with the Scottish Mainland, 




























Figure 18.  NJ tree of Tamura and Nei's distance between the Kansas City Games group and 
four Scottish populations. 
 
haplogroup H compared to the other regions of Scotland, is the furthest away from 
the Kansas City Group and clusters with the combined samples from the Western 
Isles and the Isle of Skye.  Historically, these two clusters are in agreement with 
studies on maternal Scandinavian contributions which are strongest in Orkney and the 
Isles than on the Scottish mainland (Helgason, et al., 2001).   They may also be the 
result of greater female migration to the United States by women from the Scottish 
mainland versus the Scottish Isles (Gordon, 2002).  A two-way Mantel test, testing 
the correlation between the original distance matrix and the cophenetic distance 
matrix represented in the tree, gave a low r of 0.27835.  This suggests that the tree is 




A MDS plot was also constructed from Tamura and Nei‟s (1993) distances, 
and can be viewed in Figure 19.   Orkney and the Western Isles and Skye are once 
again separated from the other populations, and pulled to the upper half of the plot by 
their high frequency of haplotypes not found in the Kansas City Game group, and a 
relatively low frequency of haplotypes belonging to haplogroup V.  Similar to the NJ-
tree, this plot shows the influence of Scandinavian maternal lines.  Orkney is pulled to 
the right of the plot due to a high frequency of haplogroup X which reaches 7-8 
percent in this population.  This high frequency of a relatively rare haplogroup has 
been explained as the result of genetic drift following either post-glacial expansion or 
movement of the haplogroup into the area following Scandinavian settlement 
(Helgason, et al., 2001; Reidla, et al., 2003).  Haplogroup X is absent in the Kansas 
City group and present at small frequencies in the other Scottish populations.  
Haplogroup V is found at a low frequency of 4 percent in Orkney versus 8 percent in 
the Kansas City Games group.  The presence or absence of haplotypes belonging to 
these two haplogroups is the major influences of the first axis of the plot.  The second 
axis of the plot is largely influenced by the presence or absence of haplotypes 
belonging to haplogroups K and U.  Haplogroup K has the highest frequency in the 
Western Isles at 13 percent and the lowest frequencies are found in the Scottish 
mainland at 6.2 percent and the Kansas City Games group at five percent.  Two 
subclades, haplogroup K2b found at 2.4 percent and haplogroup U1 found at 2 
percent, are found in the Western Isles and the Isles of Skye and are present at less 




Figure 19.  MDS Plot of Kansas City Games Population Compared to Four Scottish Populations 
based on Tamura and Nei’s distances of mtDNA HVS-I sequences.  Final stress = 0.00001. 
 
 Based on historical information, the populations were separated into three 
groups to assess the differences in genetic structure through AMOVA.  The Kansas 
City Games individuals make up the first group as they are a heterogeneous sample.  
The second group is the Scottish mainland, including the Northwest Coast, and the 
third group consists of the Scottish Isles (Western Isles, Isle of Skye, and Orkney).  
The results of this analysis can be seen in Table 7.  No significant differences were 
observed among the groups, which only explain 0.51 percent of the total variation 




Table 7.  AMOVA 
results for 





and the Scottish 
Isles (Orkney and 
the Western Isles 
and Isle of Skye) 
 
group, but these differences only accounted for 0.26 percent of the total variation.  
The most significant result from this analysis was the variation within populations, 
accounting for 99.23 percent of the total variation.  These results can be explained by 
the sharing of haplotypes between groups, and the diversity of haplotypes within each 
population. 
Summary statistics for thirteen European populations and the KC Games 
group‟s mtDNA HVS-I sequences (np 16090-16397) are listed in Table 8.  Despite 
the small sample size, the Kansas City Games group displays Nei‟s genetic diversity 
(H = 0.9677) and number of pairwise differences between haplotypes (π = 3.7943) 
figures similar to the rest of Europe.  Compared to the rest of Europe, the Kansas City 
games group has lower expected levels of diversity when compared to the mean.  
These measures are sensitive to sample size, so they must be taken with some caution.  
When compared to populations in the North Atlantic (Scotland, England, Cornwall, 
Wales, and Ireland), they display a high level of expected diversity based on S, and a 
lower level of expected diversity based on estimates using k.   
Source of Sum of Variance Percent of
Variation d.f. squares Components Variation F -Statistic
Among
groups 2 11.525 0.01106 0.51 ΦCT = 0.00509
Within
Groups 2 6.563 0.0056 0.26 ΦSC = 0.00259*
Within
Populations 1118 2411.458 2.15694 99.23 ΦST = 0.00766**
*p <0.05, **p < 0.001
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Table 8.  Summary statistics describing the mtDNA HVS-I sequence diversity (np 16090-16397) 
within populations the number of samples (n), the expected heterozygosity (H), the number of 
pairwise differences between haplotypes (π), and the expected diversity estimated by k and S. 
 
Figure 20 displays the percent of haplotypes shared between the Kansas City 
Games population and the thirteen comparative European populations.  Sixty-one 
percent of the KC games group shared a haplotype with Scotland.  However, it should 
be noted that of these shared haplotypes, only three are found only in Scotland, while 
the others are shared and dispersed throughout Europe.  Wales shares the largest 
percent of its haplotypes with the KC Games group at 50 percent, although this may 
be a reflection of the small sample size of 92 individuals.  Ireland, with a total sample 
size of 300, is second to Wales and shares 51 percent of its lineages with the Kansas 
City Games group.  It should be noted here that unlike the Scottish populations Irish 
females equaled or outnumbered males in their migration to the United States 
(Greenwood, 2008).  As many of the maternal lineages in Ireland and Scotland are 
shared, it may be hard to differentiate between the two populations using this marker. 
Sample n H s.d. (H )  π s.d. (π ) θ k 95%  C.I. (θ k  ) θ S s.d (θ S ) Tajima's DFu's FS
KC Games 80 0.9677 0.0125 3.7943 1.931 71.7110 (45.6858-114.3927) 11.5082 3.2313 -2.2004 -26.021
Scotland 895 0.966 0.0037 4.007 2.21688 130.1041 (111.3963-151.6475) 15.1896 2.96154 -2.07693 -24.938
Germany 582 0.971 0.0043 3.7536 2.09696 n/a n/a 16.4198 3.3429 -2.23165 -25.165
England 242 0.9651 0.0078 3.9717 2.20672 140.4169 (108.0302-182.7598) 15.1713 3.4966 -2.24347 -25.521
Cornwall 92 0.9603 0.0128 3.5201 2.00354 51.2470 (33.8323-77.8340) 10.6016 2.93554 -2.15228 -26.162
Wales 92 0.9259 0.0208 3.1424 1.8204 34.1656 (22.4883-51.7604) 9.22734 2.59788 -2.1053 -26.404
Ireland 300 0.9567 0.008 3.6212 2.03685 113.3193 (89.3976-143.5096) 13.8549 3.12902 -2.20313 -25.612
Italy 248 0.9717 0.007 4.562 2.48906 175.8613 (135.3743-229.0425) 15.7671 3.60795 -2.16002 -25.234
France 379 0.9713 0.0053 3.8587 2.14928 164.6082 (133.3325-203.1740) 16.1205 3.47385 -2.25248 -25.36
Poland 473 0.9644 0.0058 4.144 2.28465 164.1568 (135.6427-198.4943) 16.1835 3.38705 -2.17528 -25.137
Denmark 38 0.9346 0.0289 3.495 2.02361 20.9510 (11.2143-39.3554) 7.37817 2.48592 -1.83126 -14.09
Norway 629 0.9528 0.0064 3.8035 2.12061 162.9112 (137.4551-192.8251) 17.3776 3.4841 -2.25614 -25.145
Sweden 32 0.9879 0.0115 4.3992 2.48035 78.7792 (34.9157-190.9116) 9.18742 3.11626 -1.8895 -24.852
Belgium 33 0.9924 0.0094 3.5133 2.04117 110.7921 (46.6067-287.6055) 9.11669 3.07634 -2.21682 -25.956
Mean 294 0.9634 0.0103 3.8276 2.13579 109.156 (80.4132-158.7163) 13.0788 3.166161 -2.14248 -24.685
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There is also a large amount of haplotype sharing seen when the sample size of a 
population is small, as can be seen with the amount of sharing with Belgium, Sweden, 
Denmark, and Wales.   
A neighbor-joining tree was constructed to visualize the relationship between 
the KC Games group and the European comparative populations (Figure 21).  The 
KC group clusters with Italy, Cornwall, Germany and Poland.  England, Denmark 
and Norway, Scotland and Wales form a separate cluster in agreement with a shared 
geographical proximity and historical movements of people.  It should be noted here 
that the Kansas City Games group is not clustered with Scandinavian countries which 
would be expected following their dissimilarity to Orkney and the Western Isles and 
Isles of Skye.  The group seems to be more related to other populations besides 
Scotland, a further indication that the group is a mix of maternal European genes.  As 
Scottish male immigrants outnumbered female immigrants to the New World, it is  
Figure 20. Percent of shared mtDNA HVS I haplotypes. 
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Figure 21.  NJ tree based on Tamura and Nei's distance between European populations. 
 
likely that males found mates who migrated from Italy, Cornwall, Germany, Poland, 
or some other region of Europe.  Belgium is the least similar to the KC group in the 
tree.  A two-way Mantel test comparing the original distance matrix and the 
cophenetic distance matrix gave an insignificant correlation value of 0.53231, 
indicating the there is some correlation between the original distance matrix and the 
distances represented in the NJ tree, but it is a poor fit to the data. 
When Tamura and Nei‟s (1993) distances are used to compute a MDS plot, a 
similar relationship is seen.  Figure 22 shows that the sample from Belgium is 
separated from the other populations at the far, upper right corner of the plot.  This is 
probably due to a relatively high frequency of haplogroup K in the Belgium 
population.  Another MDS plot was constructed excluding the Belgium sample, but a 
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high stress value and an inability to further differentiate the populations made it 
uninformative for this study.  In Figure 22, the KC Games group is surrounded by 
Norway, Denmark, England, and France.  Scotland, Germany, Ireland and Sweden 
are further from the Kansas City group but still form a cluster that includes all 
European populations except for Italy and Belgium.  This tight clustering of several 
European populations is due to the amount of shared lineages between populations 
due to historical female migration.  In sum, the KC Games group seems to be a mix 
of European maternal genes, an indication that their Scottish identity might be the 
result of some other association.  The stress value for the plot was given as 0.14439, 
lower than the suggested goodness-of-fit maximum value of 0.217 for fourteen 
populations suggested by Sturrock and Rocha (2000).   
 
Figure 22.  Multidimensional Scaling plot of Tamura and Nei’s (1993) distance measure between 





 A summary of the results of Y-STR analyses, Y haplogroup predictions, and 
their probabilities are shown in Table 9.  A total of forty-seven samples provide 
information for this study, with Y-haplogroup assignments to G2a, I1, R1a and R1b.  
Predicted probabilities for four individuals designated to haplogroup G2a were above 
95 percent.  Samples assigned to haplogroup I1 (n=4) were given a probability of 
assignment above 90 percent, except for one sample lacking data at three loci that 
was given a probability of 73.6 percent.  The one haplotype assigned to R1a, and all 
but two haplotypes assigned to R1b had a probability of correct assignment greater 
than, or equal to, 95 percent.  One haplotype with missing data at three loci was given 
a probability of haplogroup assignment at 83.7 percent, while another haplotype 
missing data at four loci was predicted as belonging to haplogroup R1b with a 
probability of 58.8 percent.  Four of these individuals were not used for comparative 
analysis due to missing data caused either by chelex interference with the chemical 
reactions used to analyze these samples or due the low levels of DNA in the samples 
when they were processed.   
Table 10 provides the summary statistics for the eleven loci examined.  
During Y-STR analysis, the number of copies of each locus shows that DYS385a 
yielded the fewest repeats with n totaling 37.  All other loci provided at least 43 
copies for analyses.  The number of alleles at each locus range from three to five, 
with an average of four alleles at each locus.  The expected heterozygosity is highest 
for DYS390 (H = 0.7497) and lowest for DYS393 (H = 0.4440).  All of the loci 
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Table 9.  Y-STR haplotypes, predicted haplogroups, and probability of haplogroup assignment 
(x 100).  * denotes haplogroups and probabilities assigned in Whit Athey’s haplogroup Predictor 
(http://www.hprg.com/hapest5/) (Athey, 2006).  A (-) indicates failed STR amplification. 
























































































13 - - 13(10) 30(27) 24 10 11 13 10 12 E1b1b 100
15 10 14 12(9) 30(27) 22 10 10 14 10 11 G2a 100
15 - 14 12(9) 30(27) 22 10 11 14 10 11 96.8
15 10 14 12(9) 30(27) 22 10 11 14 10 11 99.7
16 - - 12(9) 29(26) 22 10 11 14 10 11 95.7
14 11 13 12(9) 29(26) 22 10 11 13 10 11 I1 98.3
14 - - 13(10) 30(27) 22 - 11 13 10 12 92.3
16 - 14 12(9) 28(25) 22 10 11 13 10 11 96.8
15 - - 12(9) 28(25) 24 10 11 13 10 - I1/I2b 73.6/17.8
14 13 16 14(10) 29(26) 23 10 11 12 9 11 J2a1b 97.5
15 13 16 12(9) 28(25) 24 10 11 12 11 11 J2b 82.7
15 11 14 13(10) 33(30) 25 10 11 13 11 10 R1a 100
13 11 14 12(9) 28(25) 24 11 13 14 12 12 R1b 100
13 11 14 13(10) 29(26) 23 11 14 13 12 12 100
14 10 13 13(10) 29(26) 25 11 14 13 12 12 100
14 11 13 13(10) 29(26) 24 11 13 13 12 12 100
14 11 13 13(10) 29(26) 25 11 14 13 12 12 100
- 11 13 - - - 10 - 13 - 12 99.6
14 11 13 13(10) 30(27) 24 10 13 13 12 12 100
14 11 14 13(10) 29(26) 23 11 14 13 12 11 100
- 11 14 - - 24 10 - - - 11 95
14 11 14 13(10) 29(26) 24 10 13 13 12 11 100
14 11 14 13(10) 29(26) 24 10 13 13 12 11 100
14 11 14 13(10) 29(26) 25 11 13 13 12 11 100
14 11 14 13(10) 29(26) - 12 13 14 12 12 100
14 11 14 13(10) 30(27) 24 11 13 12 11 12 100
14 11 14 13(10) 30(27) 24 11 13 12 12 13 100
14 11 14 13(10) 30(27) 25 10 13 13 13 11 100
14 11 14 14(11) 30(27) 25 11 12 13 12 12 100
14 11 14 14(11) 30(27) 25 11 13 13 12 11 100
14 11 15 - 29(26) 23 11 13 13 12 13 100
14 11 15 13(10) 29(26) 23 11 13 13 12 11 100
14 11 15 14(11) 33(30) 24 11 13 12 12 11 100
14 11 17 12(9) 29(26) 24 11 13 13 12 12 100
14 12 14 14(11) 28(25) 25 11 13 13 12 12 100
14 - - 13(10) 29(26) - - 13 - 12 11 100
14 - - 13(10) 29(26) 25 11 14 13 12 12 100
15 10 17 12(9) 28(25) 23 11 13 13 12 12 100
15 11 14 13(10) 28(25) 23 11 13 13 12 11 100
15 11 - 13(10) 29(26) 23 10 13 13 12 12 100
15 11 14 13(10) 29(26) 23 12 13 13 12 12 100
15 11 15 12(9) 28(25) 24 11 13 13 12 12 100
15 11 15 13(10) 29(26) 25 11 13 13 12 12 100
- 11 - 12(9) 28(25) 25 10 13 13 12 13 100
12 11 15 - - - 12 12 - 9 11 R1b/J2a1 58.8/38.9
15 - 13 13(10) 29(26) - 11 11 - 12 11 R1b/R1a 83.7/15.7
*Predicted in Whit Athey's Haplogroup Predictor
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                 Table 10.  Summary statistics for the Kansas City sample at eleven loci 
     
 
have a G-W statistic of one except DYS389II which has a G-W value of 0.6667.  This 
value in DYS389II is due to the absence of individuals with 31 and 32 repeats at the 
loci. 
Figure 23 provides a visual comparison of the haplogroup composition for the 
Kansas City Games group and the four regions of Scotland, examined by Goodacre et 
al. (2005).  The data from Capelli et al. (2003) were excluded from this comparison 
because haplogroups R1a and R1b could not be distinguished from one another.  
Haplogroup G is solely found in the Kansas City Games sample.  Halpogroup R1a is 
found at a lower frequency in the Kansas City Games group when compared to 
Scotland.  Haplogroups D/E, largely represented by the subclade E1b1b (formerly 
E3b), is found at similar frequencies in the KC group as the Scottish populations, 
except for the Western Isles and Skye where it is absent.  The combined frequency of 
haplogroups I/J in the Kansas City Games group, at 17 percent, is above the mean.  
Y-STR # of copies # of Alleles Allele Range Exp. Het G-W stat
DYS19 45 5 12-16 0.6111 1.0000
DYS385a 37 4 10-13 0.4460 1.0000
DYS385b 39 5 13-17 0.6437 1.0000
DYS389I 44 3 12-14 0.5867 1.0000
DYS389II 45 4 28-33 0.6758 0.6667
DYS390 43 4 22-25 0.7497 1.0000
DYS391 45 3 10-12 0.5687 1.0000
DYS392 46 5 10-14 0.6348 1.0000
DYS393 44 3 12-14 0.4440 1.0000
DYS438 46 5 9-13 0.5575 1.0000
DYS439 44 4 10-13 0.5941 1.0000

















R1a 3% G 0%
Scotland
R1b 60%I/J 19%








Western Isles & Skye
This frequency falls between the ranges of I/J seen in the Shetland (19 percent) and 
the Scottish mainland with a frequency of 16 percent.  The Northwestern Coast of 
Scotland has an I/J frequency of 12 percent, and the Western Isles and the Isle of 














Figure 23.  Y-haplogroup frequencies for the Kansas City Highland Games population and four 
regions of Scotland (Goodacre, et al., 2005). 
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Table 10.  Summary statistics of Y-STR expected heterozygosity (H) and the mean number of 
pairwise differences (π) for loci DYS19, DYS390, DYS391, DYS392 and DYS393. The number of 
samples (n) and the number of haplotypes (#hts) are given. 
 
  
Summary statistics of Y-STR diversity of forty-three Kansas City Games 
males and five Scottish populations are given in Table 10.  Although the sample size 
of the KC Games group is small (n=43), the H is higher here at 0.9812 than in any 
Scottish population.  This indicates that some of the samples may have a paternal 
ancestry outside of Scotland.  The population with the second highest H is Shetland.  
The lowest diversity is seen in the Scottish mainland where H equals 0.9059.  The 
number of pairwise differences between haplotypes (π) in the Kansas City games 
group is low compared to the Scottish populations.    
 The frequency of shared Y-STR haplotypes with Scottish populations is 
higher than the frequency of shared mtDNA haplotypes in the Kansas City Games 
group.  Figure 24 shows the percent of shared Kansas City and Scottish haplotypes 
based on five loci.   Seventy-seven percent of the Kansas City Games haplotypes are 
shared with the Scotland mainland, 74 percent are shared with Shetland, and 60, 53,  
Population n #hts H sd (H ) π sd (π)
KC Games 43 30 0.9812 0.0089 2.1872 1.2344
Scotland Mainland 495 99 0.9059 0.0082 2.1683 1.2046
Orkney 121 48 0.9507 0.0089 2.6208 1.4111
W Isles & Skye 160 47 0.9285 0.0120 2.4722 1.3431
Shetland 256 58 0.9544 0.0053 2.6605 1.4232
Northwest Coast 154 50 0.9339 0.0095 2.3401 1.2851




Figure 24.  Percent of shared 5 loci Y-STR haplotypes between Scotland and the Kansas City 
Games group. 
 
and 51 percent are shared with the Western Isles and the Isle of Skye, the Northwest 
Coast, and Orkney respectively.  The Western Isles and the Isle of Skye share the 
largest number of haplotypes with the Kansas City games group with over 90 percent 
matching a KC Games haplotype.  This may reflect the heavy historical migrations 
from these islands, noted by Murdoch (1998), and the absence of economic 
opportunities for Highland men following the Highland Clearances.  At 48 percent, 
Orkney shares the least number of haplotypes with the KC group. 
A NJ tree was generated using Slatkin‟s RST distances for microsatellite data 
and is presented in Figure 25.  In this plot, the Kansas City Games group clusters with 
the northern island populations of Shetland, Orkney, the Western Isles and the Isles of 
Skye.  This grouping is consistent with a similarity of the KC Games group to 





















% of Shared KC Games hts
% of Shared Scottish hts
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Figure 25.  NJ tree based on corrected RST distances between the Kansas City Games group and 
five Scottish populations. 
 
Atlantic to the United States, particularly those from Skye.  The Scottish mainland 
and the Northwest Coast form a separate cluster, sharing the same branch on the NJ 
tree.  However, the maximum distance between any two points on the plot was found 
between Orkney and the Kansas City Games group.  A two-way Mantel test between 
the original distance matrix and the cophenetic distance matrix gave a correlation 
value of 0.83273, showing a relatively good fit to the data.  
A MDS plot showing the relationship between the Kansas City Games Group 
and the Scottish regions was constructed and are shown in Figure 26.  In this plot, the 
KC group clusters with the northern islands of Scotland including Orkney, Shetland, 
and the Western Isles and the Isle of Skye, consistent with the results from the NJ-tree 
shown above.  The Scottish mainland and the Northwest Coast form a cluster in the 
upper left corner, and both of these groups show the greatest diversity of alleles at the 
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five loci examined.  Dispersal along the first axis is influenced by variation at the 
DYS392 locus, where the Scottish mainland has the highest frequencies of alleles 13 
and 14, and the lowest frequencies of alleles 11 and 12. In contrast, Shetland exhibits 
the opposite with the lowest frequencies of 13 and 14 and the highest frequencies of 
alleles 11 and 12.  DYS19 also contributes to this axis, with allele 14 having a 
relatively high frequency in Scotland compared to the other populations.  The second 
axis is separated by allele variation at the DYS391 locus.  Orkney displays the highest 
frequency of allele 10 and the lowest combined frequency of alleles 11 and 12 when 
compared to all other groups represented in the plot.  The variation at each locus can 
be seen in Figure 27.  For clarity, the Northwest Coast and the Western Isles and Isle 
of Skye were left out of these plots.  The final stress for the MDS plot was 0.01652, 
below the suggested maximum stress value (Sturrock & Rocha, 2000). 
 
Figure 26.  MDS Plot of Kansas City Games group and Scottish Populations based on corrected 




Figure 27.  Allele distributions for DYS19, DYS390, DYS391, DYS392, and DYS393 in the 
Kansas City Game group, Orkney, Shetland, and the Scottish mainland (Scotland). 
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Table 9.  AMOVA results for comparison of three groups (KC Games, the Scottish Mainland (including the 
Northwest Coast), and the Scottish Isles (Orkney, Shetland, and the Western Isles and Isle of Skye) based 
on data from five loci. 
 
 
An AMOVA (analysis of molecular variance) was computed to examine the 
genetic structure of the Kansas City Games group and the five Scottish regions under 
study.  Three groups were used in this analysis including the KC Games sample as 
one group, the Scottish mainland which also consisted of the Northwest Coastal 
region, and the Scottish Isles which consisted of Orkney, Shetland, the Western Isles 
and the Isle of Skye.  Based on this analysis, only 2.56 percent of the variation can be 
explained due to variation among the groups, with a significant p-value that was less 
than 0.001 (See Table 10).  The amount of variation among populations within the 
groups was also significant, but only accounted for 0.02 percent of the total variation 
in the sample.  As with the AMOVA results for mtDNA sequences, the largest 
contributor to the overall variance (97.33 percent) was found within the populations, 
showing that there is little variation among groups.  
For a broader view of the relationship of males in the KC Games sample with 
Europe, further analyses were computed to compare the male KC Games group with 
Source of Sum of Variance Percent of
Variation d.f. squares Components Variation F- Statistic
Among
groups 2 52.543 0.07233 2.56 ΦCT = 0.02646**
Within
Groups 3 8.307 0.00057 0.02 ΦSC = 0.00021*
Within
Populations 11223 3253.721 2.66044 97.33 ΦST = 0.02667*
*p <0.05, **p < 0.001
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Population n #hts #hts H sd (H ) H sd (H ) π sd (π) π sd (π)
KCGames 42 30 36 0.9812 0.0089 0.9919 0.0074 2.1872 1.2344 4.0592 2.0662
Scotland 1186 199 n/a 0.9222 0.0041 n/a n/a 2.4143 1.3117 n/a n/a
Germany 3442 534 1064 0.978 0.0008 0.9915 0.0005 2.9364 1.5394 4.2012 2.0873
Netherlands 275 92 136 0.9495 0.0062 0.9767 0.0038 2.6599 1.4226 3.8293 1.9364
Sweden 708 185 304 0.9655 0.0032 0.9818 0.0023 2.8146 1.4876 4.1884 2.0837
Belgim 125 57 87 0.9525 0.0106 0.9855 0.0047 2.7241 1.4560 3.9391 1.9867
Poland 1313 305 464 0.9661 0.0022 0.9878 0.0010 2.6591 1.4044 3.7299 1.8845
Norway 300 107 164 0.9654 0.0049 0.9859 0.0028 2.7157 1.4467 4.0831 2.0414
Italy 1340 351 692 0.9804 0.0016 0.9933 0.0008 3.1012 1.6117 4.3326 2.1448
Denmark 63 30 43 0.9493 0.0138 0.9811 0.0076 2.5422 1.3850 3.7921 1.9355
England 247 82 143 0.9468 0.008 0.9824 0.0040 2.5753 1.3860 3.7942 1.9174
France 208 102 138 0.9696 0.0061 0.9897 0.0025 2.9734 1.5613 4.1993 2.0943
Ireland 107 39 61 0.9178 0.018 0.9601 0.0122 2.2892 1.2655 3.3312 1.7238
Mean 720 163 277.667 0.957254 0.0068 0.984 0.00413 2.6609579 1.424 3.9566 1.9918
* White columns are for values calculated using 5 loci.  Gray columns indicate values calculated for 7 loci.
thirteen European populations.  The summary statistics of all European populations 
are displayed in Table 10, and show that the Kansas City Games group has a high 
level of genetic diversity (H) despite its relatively small sample size.  Based on five 
loci, the diversity of the KC group is 0.9812, higher than any other population 
analyzed.  When this measure is expanded to include seven loci, H increases to 
0.9919, a number higher than all other populations compared in this study, except 
Italy.  However when five or seven loci are used, the number of pairwise differences 
between haplotypes (π) is low for the KC group when compared to the rest of Europe.  
This result is expected if some of these males who claim Scottish identity are not 
Scottish through paternal ancestry.  If this is the case, then you would expect to see a 
high level of diversity in the small sample because the group would represent a 
variety of European populations instead of a group with a single geographical origin. 
Table 10.  Within population Y-STR expected diversity (H) and number of pairwise differences 
between haplotypes (π) for five loci (DYS19, DYS390, DYS391, DYS392, DYS393) and seven loci 






The percent of shared Kansas City haplotypes with European populations, and 
shared European haplotypes with the Kansas City Games group are shown in Figure 
28.  Again, this analysis examines the relationships based on a five allele system and 
a seven allele system.  As expected, the amount of haplotype sharing decreased as the 
number of STRs used increased.  The Kansas City group shares over 70 percent of its 
seven allele haplotypes with Germany.  The population that shares the most of its 
seven allele haplotypes with KC Games group is Ireland with 41 percent.  All of these 
haplotypes belong to haplogroup R1b, which attains frequencies over 90 percent in 
some parts of Ireland (Sykes, 2006).  When the KC group is compared to Scotland 
using five STRs, they shared 81 percent of the Scottish-American haplotypes, and the 
Scottish samples included in this analysis shared 79 percent of its haplotypes with the 
Kansas City group.  However, matches of YSTR haplotypes alone are not necessarily 
an indication of Scottish paternal ancestry.  Six of the individuals belonging to 
haplogroup R1b share a haplotype with all five regions of Scotland and all of the 
European populations examined in this study.  These individuals carry some of the 
most common Y-STR haplotypes found in Europe.  There are also two individuals, 
with Scottish surnames and a listed clan affiliation, who do not share a haplotype with 




Figure 28.  Percent of shared five and seven loci Y-STR haplotypes.  Light blue and light green 





































































































































































 Figure 29 provides a NJ-tree of the Kansas City Games group and thirteen 
European populations.  The North Atlantic Islands form a cluster that includes 
England, Scotland and Ireland.  The Netherlands, Denmark and Belgium encompass 
this group forming the next cluster.  The Kansas City Games group is the final 
addition to the group.  Poland and Norway make up separate cluster, with Poland 
having the greatest distance from the Kansas City Games group.  These clusters are in 
rough agreement with geographical proximity and known historical relationships 
between the populations included.  A two-way Mantel test between the corrected RST 
distance matrix and the cophenetic distance matrix produced by the tree gave a 
correlation value of 0.56689, showing the distortion of data in the matrix.  This 
implies that another form of representing the data might better describe the 
relationship between these populations.    
Multidimensional scaling was also used to examine the relationship between 
the Kansas City Games group and European populations, and is shown in Figure 30.  
Unlike the plot of mitochondrial distances between populations, the plot based on 
distances between Y-STR haplotypes follows a general geographical cline of Eastern 
to Western Europe.  There are also groupings of major European regions, and these 
are labeled in Figure 30 as Eastern Europe, Central Europe, Scandinavian, Dutch, and 
North Atlantic Islands.  The Kansas City Games group clusters with the Dutch 
populations of Belgium and the Netherlands.  The KC group is also centered among 








Figure 30.  MDS Plot based on Slakin's RST Distances of European populations 
using five loci.  Final stress = 0.03274. 
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share 40 percent or more of these region‟s haplotypes.  Poland is separated from the 
Scandinavian and Central European clusters along the first axis of the plot as a result 
of its high frequencies of haplogroup R1a.  The axes and groupings on the plot may 
further be explained by unique allelic frequencies at specific loci.  For example, the 
first axis is a gradient of DYS19 alleles 14 and 16.  In the Polish sample, allele 14 has 
a low frequency (0.19512) compared to the other samples, and allele 16 is found at 
the highest frequency (0.33003).  The reverse is true of Ireland which has the highest 
frequency of allele 14 (0.83178) and a low frequency of allele 16 (0.02804).  A 
similar distribution is seen for alleles at the DYS391 locus where Poland has a high 
frequency of allele 10 when compared to other populations (see Appendix B).    
Chapter Summary 
 
  Y-STR data appears to be a better indicator of Scottish ancestry than mtDNA 
data.  Haplotype sharing with all regions of Scotland is higher for YSTR haplotypes 
at 77 percent, than for mtDNA haplotypes at 56 percent.  Y-STR haplotypes, as with 
mtDNA haplotypes, are shared between populations of Europe.  However, the Y- 
haplotypes are more localized in their distribution, and are not as widespread on the 
European continent.  The Scottish-American mtDNA haplotypes more closely 
resemble those found on the Scottish mainland, a region which shares a large portion 
of its lineages with continental Europe.  When compared to European populations in a 
MDS plot, the KC Games group appears in the center of the European populations.  
From this, one can say that the KC Games group as a whole appears European.  
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However, identifying a particular region or population to which it most resembles is 
not possible with the data obtained in this study.  Analyses utilizing Y-STR data 
indicate that the Scottish-American group most closely resembles regions of the 
Scottish Isles than to the Scottish mainland.  This would be the expected origin of 
Scottish males based on historical migrations.  However, the KC group as a whole 
more closely resembles Dutch populations when compared to European populations 
on a MDS plot.  These results indicate that a Scottish cultural identity is more likely 
to be passed through a paternal, rather than maternal, relationship.  Summary tables of 













Chapter Five:  Discussion 
 
 This chapter presents the results of the study within the context of Scottish 
identity as claimed by the  Kansas City Highland Games group.  First, this chapter 
addresses maternal and paternal origins of individuals of this study, and discusses the 
differences when compared to different regions of Scotland based on the historical 
record.  This chapter also discusses other possible contributors to the Scottish-
American gene pool.  The possibility that each individual is of Scottish maternal or 
paternal decent has been evaluated based on a combination of molecular data, 
surname information, and an association with a Scottish clan. 
 
Do individuals in this study have maternal markers found in 
Scotland? 
 
 The historical record indicates that individuals with a maternal ancestry from 
Scotland should largely be from the Irish settlement of Ulster, Scots of the Border 
Clans, or have ancestry from the Western Isles or Central Highlands of Scotland 
(Murdoch, 1998; Landsman, 1999; McDonald & McDonald, 1980).  Female 
migration from Scotland was largely in the form of family immigration, as single 
females tended to seek work in local economic activities such as domestic labor or 
textile manufacturing in Scotland‟s industrial centers, and seasonal agricultural or 
fishery work in the Lowlands or coastal areas. In contrast to Scottish female 
movement, the number of single women from Ireland that came to the colonies 
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outnumbered the number of Irish men (Gordon, 2002).  While exact numbers of how 
many of these women were from the Ulster plantations are not available, there were 
probably many single females involved in the large movement from Ulster to the 
New World. 
Appendix A provides a distribution of the clans of participants in the mtDNA 
analyses in this study.  Clans found in the Highlands of Scotland versus the Lowlands 
of Scotland are present at roughly a 4:1 ratio, which would be expected since the 
samples were collected at the Kansas City Highland Games.  As expected from the 
historical record, many of these clans are located along the Scottish/English border, in 
the Western Isles of Argyll, the Isle of Skye, and the central Highlands of Inverness.  
Given these distributions, we would expect to see a maternal relationship to the 
Western Isles and the Isles of Skye and the Scottish mainland.   
Examination of HVS-I sequence information and RFLP data indicate that 60 
percent of the individuals in this study have HVS-I haplotypes that are found 
throughout Scotland, in particular the Scottish mainland and the Northwest coast of 
Scotland.  As with the rest of Europe, the Kansas City Games group has a high 
frequency of haplogroup H, which was dispersed through Europe following the 
repopulation of Europe out of the Iberian refugia.  The KC group does not show a 
relationship to the Western Isles or the Isles of Sky in either the NJ tree or MDS plot 
based on Tamura and Nei‟s genetic distances.  The haplotypes that are found in 
Scotland mainland are from the mtDNA haplogroups H, V, J, K, and U.  However, as 
noted in the results chapter, there are only three haplotypes that are found exclusively 
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in Scotland.  The rest are found throughout Europe, and are probably the reason that 
the KC Games group has a high level of expected diversity when compared to the 
mean expected diversity of all of the populations in this study.   
Do individuals claim Scottish ancestry along the maternal line?   
 
Maybe, but the mix of European haplotypes, and the location of the Kansas 
City Game group in the MDS plot in Figure 22, suggests that the maternal ancestry of 
these participants as a whole are co-mingled with broader European ancestry.  Single 
male immigrants from Scotland outnumbered female immigrants to the New World, 
and it is likely that they had to find mates from other immigrating groups.  Also, 
many of the mitochondrial lineages that are found in Scotland are shared with several 
European populations, and this sharing would only partially be resolved through 
further RFLP or SNP analyses that would more fully characterize each haplotype.  
Not only are the lineages shared throughout Europe, but the diversity of all mtDNA 
lineages in Europe, particularly haplogroups H and U5, make it difficult to determine 
if the Scottish comparative samples are an accurate representation of the diversity of 
Scotland.  Helgason et al. (2001) noted that several studies have indicated that there 
are a large number of mtDNA lineages throughout Europe.  This variation makes it 
difficult for any study to capture the true diversity within a population, regardless of a 
large sample sizes. The importance of this finding in relationship to this study is that  
there may be several mtDNA lineages within Scotland that have not yet been 
identified, especially in areas of the British Isles that have not been as heavily 
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sampled as the mainland.  Furthermore, recent gene flow, and a possible loss of 
diversity due to migration, has left Scotland with few private mtDNA lineages.  
Obtaining more complete genealogical information from each of the participants 
would have helped to distinguish between a haplotype match that is due to its high 
frequency in Europe or a haplotype found within Scotland.  Genealogical information 
may also have helped to identify lineages that have not been recognized as Scottish in 
previous studies. Combined, genealogical and genetic information could have 
indicated which mtDNA lines are of Scottish origin.  Another possible improvement 
to the study would be to have comparative samples that represented the Highlands 
and Lowlands separately, instead of the Northwest Coast and Scottish mainland.  
However, this information was not available in the literature, and all of the 
individuals from both the Highlands and the Lowlands would have to be screened for 
migrations to and from each region over the last three hundred or so years. 
 
Do individuals who claim Scottish identity have Scottish Y-markers? 
 
 Similar to female emigrants of Scotland, a large portion of males from the 
Central Highlands, and the Western Isles moved to the colonies.  Many Scotch-Irish 
males, descendants of Lowlanders brought to Ireland in the 1600s, immigrated to the 
New World from Ulster (McDonald & McDonald, 1980).  From the historical record 
one would expect to find males of paternal descent from Scotland most similar to 
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these regions of Scotland, with some bias towards the Highland since the samples 
were obtained from the Kansas City Highland Games. 
As expected, all of the major haplogroups found in Scotland, R1b, R1a, I, J, 
E1b1b, were detected in the Kansas City Games group.  Haplogroup R1b is the most 
common haplogroup found in the Kansas City Games group at 70 percent, a high 
frequency typical of Western European populations due to its spread by male foragers 
following the LGM.  These groups are less genetically influenced by the later 
movements of people during the Neolithic and the spread of agriculture.  The most 
surprising results are the three individuals who belong to haplogroup G2a, a 
haplogroup that is not seen in the comparative Scottish populations in this study, but 
has been found in Scotland at very low frequencies.  It has been suggested that this 
haplogroup was the result of Roman interactions in Britain, and later migrations from 
the descendants of the Romans to Scotland.  Two of these three individuals have 
common Scottish surnames and Scottish clan affiliations.  These results suggest that 
the genetic signatures are probably a mark of today‟s Scottish population, influenced 
by many different movements of people and shaped by disease, war and outmigration, 
instead of a Scottish ancestral claim based on a non maternal/paternal relationship or 
one that is strictly cultural in nature. The other individual belonging to the G2a 
haplogroup has a surname that is found in Scotland, but more commonly seen 
throughout England.   
As a whole, analysis of Y-markers showed a greater resemblance to Scottish 
populations than did mtDNA markers.  Haplotype matching of five loci DYS19, 
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DYS390, DYS391, DYS392, and DYS393, show that the KC games group shares the 
largest percent of its haplotypes with the Scottish mainland.  However, of the Scottish 
groups, the Western Isles and the Isles of Skye share 91 percent of its haplotypes with 
the KC group.  These results alone are insufficient to support a paternal line through 
Scotland, since many of these haplotypes are found in populations throughout 
Europe.  However, this strong resemblance to groups that have historically 
contributed to the American gene pool, and the listed clan affiliations that are 
distributed throughout these islands are indications that many individuals from the 
KC sample are of direct Scottish paternal descent.    
The distribution of clans reported by male participants reflect the historical 
records, and are included Appendix A.  The Highland to Lowland clan distributions 
of the male participants of this study are at a ratio of 4.56:1, slightly higher than the 
ratio of participants included for mtDNA testing.  This may be due to a higher 
number of individuals who claim direct Scottish paternal descent over individuals that 
may be of Scotch-Irish descent.  The high Highland to Lowland clan variation is the 
result of the location of the sampling which celebrates the success of the Highlander.  
Of the 41 individuals that listed a Highland clan as their clan affiliation, 13 belong to 
clans that are found in the Western Isles (Clan Stewart, Clan MacDonald and Clan 
Gunn), the Isle of Skye (Clan MacDonald), and Orkney (Clan Sinclair and Clan 
Gunn).  Clan affiliation is usually tied to paternal relationships, and these regions are 
found to be most similar to the Kansas City Games group when compared to other 
parts of Scotland in a NJ tree and MDS plot (Figures 25 & 26).  Shetland is an 
94 
 
exception to this due to its long affiliation with Vikings, and the resulting dissipation 
of the clan system there.  However, the Shetland group also clusters with the KC 
group and the other islands of Scotland. 
The high levels of Nei‟s gene diversity (H = 0.9812) found in the small sized 
sample indicates that there are some haplotypes from other parts of Europe mixed 
with the Scottish haplotypes of the Kansas City Games group samples. These results 
rely on a few loci, and a different picture may emerge if additional markers were 
employed.  Search for the full haplotypes were performed at various web databases 
such as ysearch.org, ybase.org, and yhrd.org, revealing that samples with matches at 
five loci in Scotland did not match at 11 loci.  In a few cases no matches were found 
in any population in Europe.  This could be due to the sampling of the databases, or it 
could be the result of the loss of diversity in the Scottish population since the 1700s.  
If a more complete STR and SNP profile were analyzed, it is likely that a majority of 
the KC Group would match haplotypes in Scotland or be a single mutational step 
away from founding haplotypes.   
 
What’s in a name? 
 
Another important source of information that can be considered in studies 
involving the Y chromosome is an individual‟s surname.  Males pass on both Y 
chromosomes and surnames to all of their sons.  A study by King et al. (2006) was 
performed in the British Isles and used presumably unrelated individuals of the same 
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surname to determine if sharing a surname increased the chances of having the same 
Y-haplogroup.  The study showed that sharing a surname, even a common 
occupational surname such as Smith, significantly increased the chance that two 
individuals with that surname will also share a haplogroup.  For rare surnames, 47 
percent of the pairs shared a common haplogroup, and the rate of sharing is even 
higher for the rare haplogroups.  Haplogroups such as R1a, G, D, E, J2 and K are 
often shared by individuals of the same surname supporting the concept that surname 
sharing is often due to common ancestry (King, et al., 2006). 
The summary tables listed in Appendix C provides a method of identifying 
individuals who have a surname found in Scotland in 1881, the regions where those 
surnames were most common, the clan affiliation indicated on participant‟s 
questionaires, and the distribution of the haplotype that was found in Scotland by 
Capelli et al. (2003) and Goodacre et al. (2005).  Out of the 43 participants used in Y-
STR analyses, 24 have a five loci haplotype, surname, and clan affiliation that 
identifies them as paternally Scottish.  Approximately one half of these individuals 
also have mtDNA haplotypes that are found in Scotland.  Fifty-six percent of the 
male participants in this study are identifying themselves as Scottish through a 
paternal relationship.  Approximately one half of those males may also be able to 
claim Scottish descent through a maternal relationship.  Only five of the individuals 
who have a mtDNA and Y-chromosome haplotype found in Scotland claim more than 




The MDS plot and NJ tree based on Slatkin‟s RST distances cluster the Kansas 
City Games group with the Western Isles and Isle of Skye, Orkney, and Shetland.  
Based on the historical record, the clusters with the Western Isles and the Isle of Sky 
makes sense due to the heavy immigration to the United States from these areas.  The 
relationship to Orkney and Shetland is less clear, especially Shetland where the clan 
system dissipated during Viking interactions.  However, it is the influence of the 
Vikings that is heaviest in all of these regions of Scotland, as the paternal genetic 
signatures show.  Surnames in this region display marks of Scandinavian influence 
with names ending in –son and –s common, particulaly in Shetland and Orkney and 
explain part of this relationship (See Apendix B for distribution of surnames).  The 
KC group shares about one half of its surnames with surnames that make up 75% of 
the population in the Shetland Islanders.  According to the census bureau of Scotland 
(http://www.scrol.gov.uk/scrol/common/home.jsp), Shetlanders have a significantly 
different distribution of surnames when compared with the rest of Scotland.  If the 
KC games sample is similar in both surnames and Y-STR polymorphisms to Shetland 
and the other Scottish Isles due to Viking influence, it explains their grouping on the 
MDS plot. 
  
What about individuals who do not share maternal or paternal markers 
with Scotland? 
 
Some of the haplotypes found in this study do not appear to be of Scottish 
origin.  However, not finding a match in the Scottish population does not exclude a 
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sample originating from Scotland.  Instead, this could be a result of sampling in the 
comparative data or a result of kin-structured migration.  As mentioned above, 
mtDNA diversity is high in Europe and there is some chance that lineages found in 
this study were brought to the United States by individuals from Scotland, yet their 
particular haplotypes are not represented in the comparative samples due to a small 
sample size.  For Y-chromosome diversity, inclusion of SNPs would have added 
more conclusive evidence for Scottish paternal ancestry, especially in distinguishing 
between subclades of haplogroup R1b.  Kin-structured migration is a form of 
migration in which migrating groups are related individuals and thus carry similar 
genes (Mielke & Fix, 2006).  While early movements of Scottish immigrants were 
typical of single males, family based movements from areas of the Potato Famine and 
the Highland Clearances put an economic strain on the population, became typical in 
the 1800s.  As a result of these events, it is possible that much genetic diversity, 
including that found in the Y-chromosome and mtDNA, left Scotland and the Scottish 





 The results of this study indicate that individuals who attended the Kansas 
City Highland Games are more likely to claim ancestry from Scotland based on a 
paternal, rather than maternal, Scottish relationship.    This is expected from the 
98 
 
historical record as greater numbers of single males from Scotland immigrated to the 
New World than single females.  MtDNA analyses show that the KC group clustered 
with the Scottish mainland and the Northwest coast of Scotland, an indication that 
those of Scottish maternal descent are likely immigrants from the region of Inverness.  
However, many of these haplotypes are shared with other European populations, as 
evident through the comparisons with European populations, and this association may 
be due to a relationship with admixture between continental populations, both before 
and following migration to the New World, instead of Scotland.  Information for the 
paternal side can be supported using clan affiliations and surname distributions.  
These three lines of evidence suggest that over one half of the males in this study are 
of likely Scottish descent, and that a small majority of the rest may also claim a male 
lineage from Scotland.  However, there are individuals who do not share maternal or 
paternal lines with Scotland.  These individuals may be claiming Scottish ancestry 
through some other affiliation not captured by mtDNA or Y-chromosome markers, or 








Chapter Six:  Conclusion 
 
This thesis investigates Scottish identity through maternal and paternal 
lineages.  Mitochondrial DNA analyses included the use of HVS-I sequences and 
haplogroup defining restriction fragment length polymorphisms to investigate 
maternal ancestry.  Y-chromosome short tandem repeats were utilized in combination 
with surnames and clan affiliations to investigate paternal Scottish ancestry.  Together 





 centuries.  Table 11 summarizes the results of the study. 
Maternal Scottish ancestry is not expected to be as common as paternal 
ancestry in this study, as the historical record of female migration to the New World 
indicates fewer female than male immigrants.  Those who did migrate directly from 
Scotland, particularly with their families, are expected to largely represent lineages 
Table 11.  Summary of mtDNA and Y-chromosome analyses. 
 
Results mtDNA Y-chromosome
Haplotypes found in Scotland 60 percent 77 percent
MDS plot with Scottish populations Resembles Scottish Maniland Resembles Scottish Isles
Haplotypes found in Europe Most (at 60 percent) are found Most (at 93 percent) are found 
in Scotland in Germany
Highest Percent of European 50 percent of Welsh 90 percent of Irish haplotypes
haplotypes found in this sudy haplotypes (all R1b) 
MDS plot with Eruroean Clusters with several European Clusters with French and 
populations populations Dutch groups
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found in the central Scottish Highlands and the Western Isles.  Scotch-Irish females, 
should resemble individuals from the Lowlands of Scotland.  Analyses showed that 
the KC group shares 60 percent of its haplotypes with Scottish populations.  Thirty 
percent of these haplotypes are found in the Western Isles and the Isle of Skye, lower 
than any other Scottish population except Orkney.  The Scottish mainland shares 56 
percent of its lineages with the sample.  If these haplotypes are the result of Scottish 
ancestry, then it appears the KC Games group most closely resembles Scotland‟s 
central Highlands and Lowland regions.  The expected heterozygosity (H = 0.9734) 
of the Kansas City Games group, and the number of pairwise differences between 
haplotypes (π = 4.9555) were high compared to regions of Scotland.  These diversity 
measures indicate that there are maternal lines found in the KC Group that are not 
represented in the Scottish sample, suggesting that there are other populations 
contributing to the maternal line.  MDS plots and NJ-trees based on HVS-I sequences 
support this, as the KC groups shares lineages with all European comparative 
populations, and cluster with other populations besides Scotland in both analyses.  
Due to the high levels of haplotypes sharing amongst European populations, mtDNA 
data cannot identify lineages that are particularly “Scottish.” 
Paternal ancestry is expected to be higher for males of Scottish decent as male 
immigrants outnumbered female immigrants in the historical records.  These males 
are expected to represent lineages in the Scottish central Highlands and the Scottish 
Isles.  Results show that the genetic diversity of the KC Games group is high when 
compared to Scotland, an indication that there are some other European paternal 
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lineages represented by the sample.  However, in contrast to the maternal line, the KC 
groups shares a larger number of haplotypes with Scotland (77 percent).  These 
haplotypes are most common in the Western Isles and Isle of Skye, and the Scottish 
mainland (which includes the central Highlands).  Analyses based on Slatkin‟s RST 
distances, including MDS plots and NJ-trees indicate that the KC group most closely 
resembles regions of Scotland where out-migration has been documented.  These 
regions are also the areas of Scotland that had the strongest Viking genetic influence 
(Helgason, et al., 2000).  This would explain the clustering of Shetland and Orkney 
with the KC games group, despite lower levels of emigration to the New World.   
This study also utilized surname and clan distributions in support of a larger 
paternal versus maternal Scottish ancestry.  Individuals with the same surname are 
more likely to be related genetically than individuals who do not share surnames 
(King, et al., 2006).  The same can be said of clan affiliations which are often 
recognized through a paternal line.  Distributions of male participants‟ surnames and 
clan affiliations, particularly those that have haplotypes found in Scotland, are most 
frequent in the Western Isles and the Central highlands.  Many of these surnames are 
a result of Scandinavian influence and are found throughout Shetland, Orkney, and 
other Scottish Isles.  Over one half of the male participants had a Scottish surname, 
clan affiliation, and a Y-STR haplotype found in Scotland.  This suggests a strong 
Scottish paternal component to the KC Games group. 
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This study provided a method for investigating cultural identity through 
molecular markers.  In this example, maternal and paternal relationships can be 
examined using genetic data in support of the historical record.  However, Y-
chromosome data, typically less diverse and more locally distributed within Europe, 
seems better suited than mtDNA data for an investigation of Scottish ancestry.  More 
refinement in genetic analyses, including the inclusion of more RFLP or sequencing 
in the mitochondrial genome and the inclusion of SNPs in Y-chromosome analyses, 
may provide more informative in future studies.  Despite European admixture before 
and after settlement in the New World, and the use of limited markers, Scottish 
maternal and paternal genetic influences can still be detected in participants of this 
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Appendix A:  Scottish Clan Distributions 
 
 Appendix A shows the distribution of clans identified by participants in this 
study for:  a) individuals examined for mtDNA markers, and b) individuals examined 
for Y-chromosome markers.  Image was adapted from Wikipedia.org.Clan 
distributions were obtained from Wikipedia.org at http://upload. wikimedia.org 
/wikipedia/commons/7/78/Scottish_clan_map.png.  Information was also obtained for 
clans not listed on the above map from the following urls: 
1. www.clanmacmillan.org :  Clan MacMillan 
2. www.electricscotland.com :  Clans Bell, Fleming, MacTavish, and Lyon 
3. www.scotweb.co.uk :  Clan Irvine 
4. www.clanmacnicol.org :  Clan MacNicol 
5. www.houseofnames.com :  Clans Sellars and Hasty 
6. www.clanboyle.org :  Clan Boyle 
7. www.clanboyd.info :  Clan Boyd 
Some clans, such as Clan MacDonald are distributed throughout Scotland, but are 
only labeled in one region.  Clan names that are in green boxes are Scottish Highland 























































































Appendix B:  Y-STR Allele Frequencies 
 





















Appendix C:  Summary Tables 
 
Summary tables of female and male participants, their clan affiliations, place of birth 
(POB), haplogroups (Hg) and haplotypes (Ht), and region where that haplotype is 
found:  Scotland mainland (Sc), Northwest Coast (NW), Western Isles and Isle of 
Skye (WS), Orkney (Or), Sheltand (Sh).  For male particpants, haplotype location and 
surname distributions from the year 1881, with shading indicating their prevalence in 





Clann Affiliation POB Hg Ht (+16000) Sc NW WS Or
not reported PA H 293
Bell, MacDonald, Oliphant NE K 224, 311 Y Y Y Y
Buchan, Robertson WA H 319 Y Y
Campbell MO H 183, 189, 225, 278
Campbell MO V 298 Y
Cunningham IL H 140, 274, 356
Farquharsons, Buchanan MO H 60, 304 Y Y
Fleming MO H 293,362
Fraser MO W 223, 278, 292
Fraser VT V 298 Y
Gordon, Scott KS T 126, 294, 311
Lindsay, Campbell KS H CRS Y Y Y Y
Livingstone MO H 192, 239,311
MacDonald WV J 126, 294, 296, 304 Y Y
MacDonald KS H 239 Y
MacDonald KS H 147, 356
MacKintosh FL V 261, 298, 311 Y Y
MacRae OH T 126, 153, 242, 294, 320
MacRae, Irvine IL J 69, 126, 311 Y
MacRae, MacNicol OK H 75
MacTavish NC J 69, 126 Y Y Y Y
MacTavish KS J 60, 69, 126, 265, 319
MacTavish MO V 298 Y Y
Robertson NM H 304, 311
Ross RI J 126
Scott KS H 110, 162, 209
Scott, Fraser KS U 75, 162
Sellars* AL H 93, 304
*Clan is not recognized by the Court of Lord Lyon
Mitochondrial DNA Shared ht with
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